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SCIENTIFIC MAN-POWER IN 
BRITAIN 

UANTITATIVE aspects of the man-power 
O situation in Britain have not been overlooked 
in the numerous reports on scientific and industrial 
research during the last two or three years, especially 
in those dealing more particularly with the problems 
of the universities. But while there is universal 
agreement that industry alone will require a very 
considerable expansion of its scientific and technical 
personnel, we are only now coming to realize that, 
without the very careful handling of existing reserves 
of scientific man-power, it may be difficult or even 
impossible to achieve the expansion which is essential 
in order that British industry may increase or even 
maintain its efficiency. On this point, Sir John 
Anderson, addressing the Manchester Joint Research 
Council on December 6, emphasized that the de- 
ficiency could not be made good all at once and that 
some order of priority would be required. The 
expansion of the capacity of the teaching institutions 
of Britain, the return to university staffs of the men 
of high scientific attainments who had been drawn 
into war-time activities are first steps, to be followed 
by the increase in their numbers in appropriate fields 

and with the necessary teaching accommodation. 
Programmes for such expansion have already been 
advanced by the Parliamentary and Scientific Com- 
mittee, the Association of Scientific Workers, the 
British Association Committee on Scientific Research 
and Planning and other bodies ; and these reports, 
like Sir John Anderson’s speech, have also stressed 
the need for an attempt to secure students of the 
right quality. Sir John commented on the neglect of 
scientific and technical education in the debates on 
the Education Bill during 1944, and urged the neces- 
sity of preparing quantitative and qualitative 
estimates of the types and numbers of trained men 
and women who would be required by the univer- 
sities, industrial firms, Government departments and 
other potential employers, the terms they would 
offer, and the kind of organisation they would pro- 
pose. Such a measure has also been urged as impor- 
tant for the effective functioning of university 
appointments boards. A quantitative approach to 
the question of recruitment is undoubtedly an 
essential element in a full employment policy in 
respect of scientific and technical workers as of others. 
Sir John Anderson spoke within a few days of Mr. 
Herbert Morrison’s announcement of the establish- 
ment of a Committee on Scientific Man-power, and, 
as Sir John indicated, properly prepared and analysed 
estimates of this type would form an indispensable 
basis for the work of that Committee. Mr. Morrison 
stated that he had asked the Committee to submit 
an early report on broad lines, and that he proposed 
later to ask for recommendations regarding the best 
use of our resources for scientific development. While 
Mr. Morrison recognizes that it may be necessary for 
a time to give priority to university needs, even by 
restricting to some extent scientific and research 
activity in industry and in Gavernment service, 
nothing could have been more satisfactory than what 
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Mr. Morrison had to say, both in a debate in the 
House of Commons and also at the recent British 
Association Conference, on the necessity of keeping 
any such restrictions to a minimum. The Lord 
President of the Council at least is fully aware of the 
importance of keeping a sense of balance and giving 
the maximum freedom possible to the research worker, 
above all in fundamental research. 

The most effective utilization of scientific man- 
power is, however, not simply a question of securing 
adequate numbers of men and women of the right 
type and ability ; it is equally a matter of making 
the best use of them once they have been obtained. 
This point, too, Mr. Morrison obviously had in mind 
in his reference to social incentives, and Sir John 
Anderson referred to the importance both of proper 
organisation and of conditions of service which 
encourage creative work and attract men and women 
of high ability and character. Such matters have 
recently been discussed in some detail, so far as they 
affect the Government service, by the Barlow Com- 
mittee on scientific staff, and to a large extent they 
were the dominating theme at two of the sessions of 
the British Association Conference. 

Two other factors besides the present scarcity of 
scientific and technical workers have conduced to 
focus attention on this question of the management 
and organisation of scientific effort : the remarkable 
results which have come from team-work in the war 
effort, and the growing realization of the comparative 
neglect of scientific management in Britain. The 
two factors are not indeed entirely unconnected ; 
there is widespread realization that attainment of 
the high level of industrial efficiency required alike 
in the furtherance of our reconstruction plans and in 
the expansion of our exports demands a social incen- 
tive and an administrative efficiency at least as com- 
pelling as those which lay behind the greatest 
achievements in our war effort. Dr. C. F. Goodeve, 
stressing that proper planning and direction are 
essential in both background and applied research, 
put first among the lessons of our war experience 
that a research organisation must be such that it can 
seek out and accurately ascertain objectives in the 
given field of activity and inspire every marr in the 
organisation with the importance of these objectives. 

That lesson holds equally for much of our industrial 
effort generally, and also in the field _of research, as 
it is likely that the ‘working parties’ of Sir Stafford 
Cripps will soon discover. Similarly, the second main 
lesson noted by Dr. Goodeve, the importance of the 
right degree of collaboration with the yser, has a 
validity far beyond the organisation of research with 
which he was primarily concerned. Indeed, it is well 
to remember that the problem of using scientific 
man-power to the best advantage involves seeing 
that the results of scientific work are fully utilized 
and developed. In this respect, industry in Great 
Britain has admittedly lagged behind its com- 
petitors, and some larger proportion of our scientific 
man-power must in future be devoted to the scientific 
study of such problems on an adequate scale. In this 
connexion a paper by Dr. W. A. Hamor, of the 
Mellon Institute, on ““Humanh Aspects of Research” 
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(Science, 102, 237; 1945), which covers m 
same ground as the British Association Co) 
deserves to be noted. 

Papers by Prof. Sargant Florence and }\| 

Rodger at that Conference showed how larg: 
we have here for investigation. Sir Arthur | 
pointed out further that the use of all our in 
personnel to the best advantage involves a c 
raising of the level of intelligence applied in i: 
In particular, the field of industrial relatio: 
wide scope for scientific inquiry in order to se: 
co-operation and understanding of the 
generally. Mr. J. T. Kendall’s paper was a p 
illustration of the importance of psycho 
securing the maximum response even fr n the 
research worker himself; and at a meeting t: 
the inter-relations between the natural an 
sciences arranged by the Association of S 
Workers in October, Mr. Dennis Chapman, in 
scientific study of administrative problems 
mented on the marked contrast between the 
of the Directorate of Selection of Personne! at the 
War Office, due to the application of scientif; 
method to selection, and the primitive methods 
employed by the Ministry of Labour in dealing wit) 
comparable problems. 
_ War experience has in fact taught us a great deal 
more about the organisation of our research effort 
and the wise use of our man-power, whether scientifi 
or not. One of our first tasks to-day is to see that 
those lessons and that experience are applied to our 
post-war needs, without carrying over with them the 
wastefulness and inefficiency inherent in the war-time 
demand for establishments competent to dea! with 
emergency rather than with normal or 
demands. With the employment of larger numbers 
of scientific workers in industry and in the Govern 
ment service must go research in new fields 
a greater scale in fields relatively untouched in 
Britain—as well as the use of the scientific worker in 
the work of administration itself. That aspect was 
considered by Prof. H. J. Laski in a lecture to the 
British Association of Chemists last year, which has 
since been published*. We have also to consider, 
however, attracting to a business career generally a 
proper proportion of the ablest minds and finest 
characters of those leaving the universities each year. 
This much was recognized by the Cambridge Univer 
sity Appointments Board in its recent report ; but 
besides this we must see that university training 
equips such men with the scientific outlook and a 
sufficient knowledge of the scientific method t 
enable them to handle the many scientific and 
technical factors which enter into the 
administration to-day. 

All this is becoming widely recognized and may be 
a reason for Sir Stafford Cripps attaching so much 
importance to making management a profession and 
to establishing’ a real partnership of effort between 
management and labour. A Board of Trade Com- 
mittee with Sir Charles Weir as chairman made a 
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*“The Place of the Scientist in Post-War Administration By 
Prof. Harold J. Laski. Pp. 14. (London: British Association of 
Chemists, 1945.) 





preli 
Boal 
Sir | 
prop 
Man 
Nov 
that 
repe 
gest! 
solut 
both 
at th 
the ] 
of oF 
the | 
cusse 
pleas 
miss! 
The 
mere 
sulta 
but a 
for n 
may 
such 
Fu 
dyna 
efhic i 
nized 
proce 
regar 
intere 
listed 
econ 
tratiy 
mana 
and 
impor 
those 
also i 
eallin 
the t 
diffier 
the C 
and \ 
So 
i larg 
what 
empl 
stimu 
even 
true « 
proble 
a long 
of pr 
devele 
efficie 
she rte 
judgn 
ean W 
DOS e8 
‘apac 
scient 
The 


the 


rence 


Alec 
field 
‘ming 
istrial 
inued 
istry i 
Offers 
re the 
rkers 
tinent 


<plore 
30¢lal 
ntihe 

irging 
com 


ICC@RS 


entih 
ed | hods 


<x wit! 


it dea] 
effort 
entinx 
ee that 
to our 
em the 
ir-time 
tl with 
\verage 
imbers 
;OVETI 
and Or 
hed ir 
rKer 
ct was 
to the 
ch has 
nsider, 
rally a 
finest 
n year 
niver 
Hut 
sining 
and a 


od to 


much 
mn and 
‘tween 


Com 


No. 3979 February 2, 1946 


preliminary inquiry in 1944 and the President of the 
Board of Trade has now appointed a committee, with 
sir Clive Baillieu as chairman, to produce detailed 
propos ils for the formation of a British Institute of 


Management. In making this announcement on 
November 27, Sir Stafford Cripps expressed the hope 
that what he described as a very strong team would 
report in @ few weeks time. Many concrete sug- 
gestions as to problems for investigation in which 
solutions depend on the joint efforts of workers in 
both the natural and the social sciences were advanced 
at the Association of Scientific Workers’ meeting, and 
the possibility of applying to civil purposes the type 
if operational research that has been so successful in 
the Services and supply departments was also dis- 
cussed. Essentially the same idea lies behind the 
pleas advanced in recent months for a Royal Com- 
mission to investigate the causes of industrial unrest. 
The terms of reference proposed have covered not 
merely the production of new policies on joint con- 
sultation, wages, and conditions of employment ; 
but also the recommendation of methods of education 
for management, staff and labour, in order that they 
may be able to understand, interpret and implement 
such policies. 

Fundamentally, we are coming to a new, more 
dynamic and less mechanical conception of industrial 
efficiency. More and more widely it is being recog- 
nized that the physical or mechanical efficiency of a 
process or plant may fail of its social effect unless due 
regard is had to the human factor, and unless the 
interest and co-operation of the operators are en- 
listed. The close interlocking of technical, social and 
economic factors in 80 many industrial and adminis- 
trative problems to-day inevitably makes the task of 
management and administration much more complex ; 
and if there is less danger of over-stressing the 
importance of the scientific factor and overlooking 
those questions of judgment and values which are 
ilso involved, the immensely wide range of problems 
calling for investigation by scientific methods makes 
the task of allotting and 
lificult, both from the national point of view which 
ymmittee under Sir Alan Barlow is examining, 


man-power more more 
the ( 
and within the purview of a single firm. 

So far as the man of science himself is concerned, 
i large measure of agreement’ has been reached as to 
what may be termed the tactics which should be 
employed to attract him where he is needed and to 
stimulate him to give of his best. But we are not 
even yet sure of the tactics to be used if that is to be 
true of all industrial workers, as the large number of 
problems awaiting attention indicates; and we are 
1 long way from formulating the strategy and order 
f priorities in which effort is to be 
leveloped so as to raise our national and industrial 
the maximum effectiveness in the 
shortest possible time. It is still a matter for nice 


our research 
effic ieney to 


judgment as to how far in present circumstances we 
an wisely utilize the services of men of science who 
possess administrative ability in an administrative 
apacity rather than in the immediate attack on 
scientific problems in the physical field. 

The question of strategy and priorities is of course 
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a matter for the new Barlow Committee, but while 
that Committee is reaching its findings there is much 
educational work to be done. As was made clear at 
the British Association Conference, the maximum 
utilization of our scientific effort may well involve 
changes in industrial organisation: the joint pro- 
duction and advisory committees and the ‘working 
parties’ are two pointers in this direction, and there is 
much exploratory work to be done in this field if we 
are to evolve an industrial structure more democratic 
and sensitive to social needs, and capable of imparting 
incentives comparable with those which brought the 
war effort to its highest pitch. Such work, in which 
the industrial psychologist may play an important 
part, may be far more vital than changes in the 
the Government by 
How an industry is 


relation of an industry to 
nationalization or otherwise. 
operated will always be more important than by whom 
it is operated. 

The aims formulated for the proposed Adminis- 
trative Staff College suggest that such a College may 
make an important contribution. The first aim, to 
investigate and explain the principles and technique 
of organisation, administration and leadership in 
civil life, in contemplating the study of such problems 
as the principles underlying the structure of organ- 
isation, the of personnel management 
common to most large-scale enterprises, and the uses 
and limitations of public relations work and methods 
of measurement of public opinion, indicates that the 
staff will be engaged in research as well as in teaching. 
In time, therefore, the College may constitute a 
research station to which problems of administration 
and organisation can be referred; and it may also 


problems 


provide a store and clearing-house of knowledge and 
experience as valuable as its teaching services. 
Moreover, it would seem that the College is intended 
to help repair the present neglect and undervaluing 
of certain aspects of administration and leadership, 
such as personnel questions, which are frequently 
virtually excluded from the direct concern of some 
senior officials and executives, who are preoccupied 
with questions of policy and execution. It is in- 
creasingly important, as is observed in the statement 
issued in connexion with the College, that a depart- 
mental chief should devote more personal attention 
to selecting his chief assistants and less to doing their 
work for them, and that he should give as much care 
to the organisation and morale of his department as 
to the taking of wise decisions on issues of policy. 
Besides this, as Dr. Hamor and Prof. Laski have 
other educational work which 
Prof. Laski comments that it 
the 


indicated, there is 
should be proceeding. 
is rare in most countries to attempt to give 
ordinary citizen an insight into scientific processes ; 
and the almost complete separation of scientific 
knowledge from the administration of industry or of 
the State must be remedied before the scientific 
worker can make his full contribution, and his services 
in any and all capacities can be used to the best 
advantage. Some of the responsibility for this 
situation Prof. Laski rightly attributes to men of 
an excessive passion for special- 
refusal to 


science themselves : 


ization has engendered a widespread 
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interpret science to the common man and left the field 
to be cultivated by a Press interested mainly in the 
sensational results of research. 

One might dissent from Prof. Laski’s suggestion 
that the man of science should see his function not 
as a search for knowledge for its own sake, but as a 
search for knowledge in which there is involved the 
well-being of the community of which he is a part, 
while agreeing that the character of science may be 
set by the nature of the society in which it functions. 
Prof. Laski was concerned with the qualitative and 
not the quantitative aspect of the man-power 
situation, but he sees no reason at all why the 
scientific worker should not turn aside from his 
technical vocation to that policy-making which is the 
administrator’s function, provided he has the appro- 
priate width of view, the-right temperament and the 
power to grasp the effect his counsel will have on 
public opinion. But the scientific worker who seeks 
to enter into the field of public policy must come to 
it with a real foundation in the historical background 
out of which public policy emerges. Unless he has 
some intimate knowledge of the social and economic 
pattern of the society in which he functions, it is 
improbable he will attain sufficiently rapidly the 
understanding which leads to wisdom. 

There is thus a dual task of education which should 
be proceeding while strategy is being formulated, if 
the execution of a scientific man-power policy is to 
be fully effective—education both of public opinion 
and of the men of science themselves. At the same 
time, certain decisions might well be taken by the 
Government. One, very clearly, is to expedite the 
release of university teachers and of partly or un- 
trained students from all forms of war service, as well 
as the return of academic men of science to their 
normal duties. This applies to the release of students 
in the arts and humanities no less than in the sciences. 
Another is on the future of compulsory service : until 
that decision is taken, long-term planning in educa- 
tion, industry and in all types of professional training 
must be indefinitely postponed. 

Both decisions are of special importance in regard 
to the arts and humanities. Unless some speedy 
steps are taken to put such faculties on a pre-war 
and even an expanded basis, the complete stoppage for 
six years may have serious repercussions on the supply 
of scientific workers themselves. Leaving on one side 
the effect of the present situation on the future supply 
of administrators and leaders in all walks of life, 
training for a scientific career needs the balance which 
the humanities can give if excessive specialization is 
to be avoided. If we allow our concern with the 
extension of scientific and technical education to 
lead us to overlook the claims of education in the 
humanities, we will undoubtedly find that early 
specialization has warped the minds of young men of 
science and hindered their participation in that team- 
work which has proved so valuable in the war 
experience. Further, and equally important, those of 
them who possess administrative ability are unlikely 
to develop in the way which would enable them to 
take their proper places in the administration of 
industry or of government in the post-war world. 
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Physical Chemistry of Cells and Tissues oo 
By Rudolf Héber, with the collaboration of Dovid 1. oe 
Hitchcock, J. B. Bateman, David R. Godda! and Sy 
Wallace O. Fenn. Pp. 676. (Philadelphia Pa, . whit 
Blakiston Company, 1945.) 9 dollars. ad 
UT little more than a century has seen the rise of J cher 
modern biology founded upon the cell! the § Phy 
unit of structure in living organisms. E. B. Wilson § lorg 
divided the period which has elapsed sinc» the § in t 
emergence of the so-called cell theory in 184) into §f Alth 
three parts—the first to 1870 saw the establislment Hob 
of the principles of genetic continuity, and in the § to | 
second the more detailed examination of collular mod 
inclusions and of cellular embryology proceeded apace, & time 
During this period similarities in the cytological § furn 
behaviour of cells from diverse organisms, tocether § the 
with the great generalizations concerning the mechan- from 
ism of organic evolution, both testified to the under. § espe 
lying unity of living organisms and served to maintain § to 4 
coherence in what might otherwise have seeme to be In 
an impossibly diffuse body of biological data. From § bran 
1900 onwards it has been the Mendelian era—the § writ 
study of cells, and again, through the happy combina- Jf of « 
tion of cytology, the study of cellular form and § cellu 
structure, and the study of behaviour as revealed by J} Dav 
genetics, there has emerged the familiar but impressive § velo 
generalizations which in their application extend § prin 
over the whole field of biology. and 
Cell physiology, or general physiology, however, D 
has its roots deep in the period recognized as that aton 
covered by the cell theory. Though at first the path and 
of progress was broad and clear and the milestones §f and 
correspondingly sharply defined, cell physiology did § bran 
not so rapidly achieve such resounding generalizations J} knov 
as those of cytogenetics. From the discovery of § inter 
protoplasm (1840) to its recognition as the essential § outs’ 
vehicle of all plant and animal life, as epitomized by § the f 
Huxley’s dictum (1868) that protoplasm is the § arou 
physical basis of life, the progress is broad and Pr 
sweeping enough. The path of discovery from the § prop 
recognition of plasmolysis (1855) through the parallel § the | 
developments on cells and inert systems to the § plast 
osmotic theory of solution (1887) is a familiar story, ff evid 
for it provides a classical example showing how con- § perm 
tributions to physical science come from the study of J is a 
cells as well as from those who investigate inanimate J solul 
systems. But despite the accumulation of a great perti 
body of diffuse knowledge about cells, cell physiology § minu 
has been peculiarly lacking in generalizations which J featu 
by their very universality command the attention § diffe 
and capture the imagination. In part this is inherent J to ce 
in the nature of the subject. The geneticist may | the 7 
study and even generalize from the genetics of cats § the 
without worrying too much about the factor or § solut 
factors which determine ‘catness’. In describing the | defin 
physiology of cells and organs, whether of plants or J welc: 
animals, the physiologist is inevitably concerned with J Fenn 
just these specific properties which in their summation J Hob: 
distinguish one kind of cell from another and one § nare: 
organism from another. In part this may explain § cellu 
the paucity of generalizations but not altogether so, § phen 
for hitherto the limitation in cell physiology has often Ai 
been an inadequate appreciation of the physics and § with 
chemistry of cells and of their constituents. Particular § this | 
interest, therefore, is attached to Prof. Rudolf § conc 
Héber’s new book, and its appearance now is timely § be w 
in that new tools and techniques stand ready to Dr 
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be applied to investigation of cells in the post-war 
period. 

Prof. Héber’s book is, to use his own expression, 
a ‘renaissance’ of a work, ‘‘Physikalische Chemie 
der Zelle und Gewebe”’, first published four decades 
ago. Through its successive editions until 1926 the 
earlier work remained one of the few standard texts 
which attempted to treat the properties of cells 
and the attributes of life as a branch of physico- 
chemical science. Some works, like Bayliss’s ‘“‘General 
Physiology’’, retain a perennial freshness and value 
long after their factual content is out of date because 
in their day they pointed the way for the future. 
Although the earlier work had this quality, Prof. 
Héber is to be congratulated in that he has been able 
to preside over its rebirth, to bring it abreast of 
modern knowledge and to make it available at a 
time when new methods seem as never before to 
furnish the cell physiologist with ‘the tools to finish 
the job’. For those whom the War has taken away 
from their normal pursuits, Héber’s book will be 
especially timely and welcome as they return again 
to active investigation. 

In the new book sections devoted to special 
branches of physico-chemical knowledge have been 
written by different authors. The selected principles 
of classical physical chemistry which bear upon 
cellular phenomena are concisely treated by Dr. 
David I. Hitchcock. These include diffusion, resection 
velocities and enzyme-catalysed reactions, the basic 
principles of thermodynamics, electromotive force 
and the properties of aqueous solutions. 

Dr. J. B. Bateman deals with the nature of inter- 
atomic and intermolecular forces, with large molecules 
and with the arrangement of particles to form fibres 
and with the structure of surface films and mem- 
branes. Thus the opening sections present the new 
knowledge in terms of which cells and organs are to be 
interpreted as physicochemical systems. Since the 
outstanding developments of several decades are in 
the field of submicroscopic structure, this is the theme 
around which the book is built. 

Prof. Héber himself deals with the permeability 
properties—or as he is careful to distinguish them 
the ‘passive’ permeability properties of the proto- 
plast to electrolytes and non-electrolytes. The 
evidence is summarized which has suggested that 
permeability is a highly specific property of cells and 
is a combination of properties analogous to lipoid 
solubility, om one hand, and of permeability pro- 


pertics which are determined by diffusion through 
minute water-filled pores on the other. These latter 
features of cell permeability, however, reveal 


differences from substance to substance and from cell 
to cell which are best interpreted as the resultant of 
the prevalent range and size of the minute pores in 
the living membranes through which the entrant 
solutes pass. In this context the extracts from the 
definitive works of Collander and his pupils will be 
welcomed, for these—published in Acta Botanica 
Fennica—may not have been widely available. 
Héber also deals in detail with the effects of salts, 
narcotics and external conditions generally on 
cellular activity especially as revealed by bioelectric 
phenomena. 

A section of the book, by Dr. D. R. Goddard, deals 
with the modern outlock upon cellular respiration, and 
this leads logically to the final two sections, which are 
concerned with ways in which respiratory energy may 
be utilized to perform work. 

Dr. W. O. Fenn writes on the problems of contrac- 
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tile tissues in general, and of muscles in particular, 
that is, systems in which metabolic energy makes itself 
manifest in the ability to perform mechanical work. 
Héber, differentiating clearly between ‘passive 
penetration’ of cells and tissues and ‘active trans- 
port’, re-examines many examples drawn from both 
plants and animals in which the active transport of 
water or solutes makes it necessary to regard cells or 
organs as dynamic systems capable of performing 
osmotic work. 

In thus presenting a system of physical chemistry 
which concludes with the recognition that it is a wide- 
spread function of cells and tissues to ‘secrete’ 
solutes or water and to maintain relations with the 
environment which are not in conformity with any 
known diffusion equilibrium, Prof. Héber has 
performed a real service. The understanding of this 
secretory mechanism of cells, which is now to be 
recognized as a fundamental characteristic of living 
things, may yet uncover one of the great biological 
truths. 

In posing these problems so clearly, Héber recog- 
nizes that ‘‘we are still far from perceiving any such 
structural arrangement”? by which ‘a chemical 
process has to be carried out in such a way that a 
great or small portion of the energy liberated becomes 
available for work’’. It is perhaps also permissible to 
comment that we are also unable to perceive why the 
use of metabolic energy to perform osmotic work 
seems, at least in plants, to be such a wasteful way 
of making energy available. The indirect relationships 
between “active transport”’ of salts and respiration, 
which have been observed in plants, may well indicate 
that the energy actually applied in these processes 
may be more strictly localized in the metabolic chain 
than is now known and may be, for example, a 
function only of certain reactions—such as the 
reactions of the energy-rich phosphate bonds which, 
some investigators believe, enable muscle to do work. 

Despite “the wounds in its form caused by the 
war’’ to which Héber refers in his preface, he has 
enriched the literature with a book which will be 
consulted by biologists in general and by cell physiolo- 
gists in particular for a long time to come. 

F. C. Srewarp. 


SOUTH AFRICAN LIZARDS 
The Lizards of South Africa 


By Dr. Vivian F. Fitzsimons. (Transvaal Museum 
Memoirs, Vol. 1.) Pp. xv+528+24 plates. (Pretoria : 
Transvaal Museum, 1943.) 


HIS is a book intended primarily for, and one 

which will be welcomed by all, working system- 
atists. That is not to say that it will be of value to 
no one else. Far from it, for it contains a vast 
amount of general natural history (much of it based 
on the author’s own field observations) with detailed 
distributional records, an excellent geographical 
gazetteer, and a full bibliography. 

The last previous lists of the South African lizards 
were published thirty-five years ago and, like most 
of the earlier work on the subject, were by an author 
with adequate knowledge of the material preserved 
in the museums of Europe (which included most of 
the types) but with little first-hand knowledge of the 
animals in their own land. Since that time the bulk 
of the work on the same topic has been done by 
residents in the Union who were familiar with the 
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fauna, but were often handicapped by insufficient 
information concerning the essential comparative 
material preserved in other countries and by in- 
adequate library facilities. Dr. Fitzsimons has been 
at pains to secure the advantages, and avoid the 
handicaps, of both. After familiarizing himself with 
the group by assiduous collecting and field observa- 
tion, he visited Europe to study the material and 
published reports of the earlier workers, and then 
returned to South Africa to fill in some of the 
numerous gaps in our knowledge by further col- 
lecting and observation. The outcome is that the 
number of species and subspecies now recognized, 
276, is nearly double that contained in the lists 
published in 1910. 

The general plan of the work is conventional ; 
groups are defined, the definitions followed by keys 
to the sub-groups contained therein, and so on down 
to the lowest taxonomic units. The keys are 
dichotomous and the key-characters illustrated by 
clear line-drawings. These characters appear often 
to have been selected rather for ease of perception 
than for their taxonomic significance with, some- 
times, rather artificial results, closely allied forms 
appearing widely separated. If the purpose of the 
keys is identification only, this state of affairs can 
be accepted ; but, since the general arrangement of 
the text follows strictly the sequence of the keys, 
the true or suspected phylogenetic relationships are 
nowhere clearly shown. 

There are, naturally enough in a book of this size, 
other defects. These are for the most part¢ minor 
ones of misquotation and so forth or those which 
appear to be almost inseparable from faunal works 
where the area treated seldom or never embraces the 
whole range of all the forms that occur within it. 
The area covered by this book, Africa south of the 
Zambezi -— Okavango — Kunene Rivers, is a political 
one and not concerned with zoogeographical con- 
siderations. Economic necessity doubtless dictated 
the geographical scope ; but that being so, it is the 
more disappointing that such scant attention has 
been paid to zoogeographical matters. In fact. a 
general introduction of but two pages is a major 
disappointment ; but again, presumably the fault 
lies with the disjointed times and not with the 
author. 

The trustees of the Transvaal Museum have shown 
courage in launching a new series of memoirs at such 
a time; it is to be hoped that the series may be 
continued and its scope expanded. 


H. W. PARKER. 


A CZECH BOTANICAL WORK 


Zivot Rostlin 
(Plant Life). By Prof. Bohumil Némec. Pp. 
(Prague: Sfinx, 1942.) 250 crowns. 
ENIED access to his laboratory and library, 
Prof. Némec spent the early years of the War 
in a remote country cottage where he wrote this 
comprehensive treatise reminiscent of that by Kerner 
and Oliver fifty years ago. During the five inter- 


800. 


vening decades there have been many discoveries and 
new developments in botany and most of them have 
found a place in this new work. We are reminded of 
one of the author’s own researches by the photogra- 
phic reproduction of the gold ingot obtained from the 
ash of Zea Mais grown on auriferous soil in Slovakia. 
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But Némec’s special role is to present a balanced 
and accurate survey of botanical knowledge 
readers, and in his epilogue he points out hoy 
has been the increase in knowledge since the time of 
Linnzus, and he says how much he would |ike to 
peep into the future and glimpse at the stite of 
botany two hundred years hence. 

The character and scope of the book muy be 
gathered from such chapter headings as: (| ving 
and dead matter ; (2) the plant cell ; (6) and (7) plan 
structure ; (9) sun—the giver of life; (10) li the 
eternal fire ; (12) friends'and enemies (symbio= s and 
parasitism); (17) “In Foreign Service’? (mv :jifieg. 


» his 
great 


tions, deformations, galls) and (21) “‘Registra: ion of 
Plant Births’’. 
The conditions under which the book was written 


precluded documentation, and because it is in Czech 
its readers will be limited to those acquainted with 
Slavonic languages. It has, however, passed through 


two editions (8,000 copies), which affords some idea 
of the interest in natural science shown b\ the 
Czechoslovak people. Many of the 740 illustrations 
(sixteen in natural colours) are unique and of wide 
interest. ; GERALD Drece. 


FOSSIL CONIFERS 


The Tertiary Fossil Conifers of South Chile and 
their Phytogeographical Significance, with a 
Review of the Fossil Conifers of Southern Lands 

By Rudolf Florin. (Kungl. Svenska Vetenskaps 

akademiens Handlingar, Serien 3, Band 19, No. 2. 

Pp. 107+-6 plates. (Stockholm: Almaquist and 

Wiksells Boktryckeri A.-B., 1940.) 


HIS seems the most striking of several war-time 

papers by Florin on the conifers. Here he 
describes three kinds of conifer shoots: two pre- 
viously known as Sequoia are shown to agree in forn 
and cuticle with living Podocarpus species (section 
Dacryocarpus); the third is a new genus, but probably 
a Podocarp. 

After this there is a review and discussion of the 
fossil conifers of the southern hemisphere of all ages. 
It may be recalled that many of them had been 
identified with northern genera (by northern fossil 
botanists), but Florin sweeps all this away. He 
regards them nearly all as Podocarps or Araucarians. 
He holds that the families now characteristic of the 
north never occurred in the south, and similarly the 
Podocarps were always southern. The world-wide 
uniform flora supposed to have characterized the 
Jurassic never existed, and so far as the conifers are 
concerned the present differences between north and 
south are traceable at least to that period. 

Florin says a good deal that is provocative and I 
must demur at his final remarks: “*. . . it is essential 
that the material should be placed in the hands of 
trained specialists possessing a thorough knowledge 
of living representatives of the class. Unfortun- 
ately many sins have been committed against this 
principle in the paleobotanical exploration of the 
Southern Lands.” ‘Sins’ is fair; but if paleobotany 
must wait for specialists it may wait a long while. 
Has not Florin shown here what a specialist can do 
even with rather bad data provided by the jack-of 
all-trades ? There is no short road to expert know 
ledge ; but it is more possible for everyone to imitate 
Florin’s descriptive methods, and that would take 
paleobotany a long way forward. T. M. Harris: 





























0) 
R« 
the pé 
propos 
resear' 

The 
throug 
were € 
the fir 
ibject 
lirecte 
earlier 
1858, | 
the @ 
Expe 
that n 
the sh: 
f his 
seen fi 

Loo 
Farad 
throug 
exhau: 
and re 
enta i le 

Seve 
and a 
lischa 
beauty 
thoug! 
lepth 
estima 
echni 
shall « 

Am« 
be ma 
jeaux, 
lischa: 
leseriy 
fellow- 
liscov: 

Atte 
the str 
afterw: 
attract 
lischa: 
fundar 
this wh 
ma si 
two st 
tained 

In t 
the ye 
the ga 
towar« 
absence 
curren’ 
striatic 
there I 
nique ° 
standin 
this te 
story, 


* Afte 





et anced 
4 his 
W great 


ne of 


Ving 
lant 

the 
- and 
inca. 
n of 


itten 
zech 
with 
ugh 
idea 
the 
itlons 
Wide 
E 


e ang 
“ith a 
Lands 
-kaps 
No. 2 


and 


He 
trians 
of the 
ly the 
i-wide 
dd the 
‘rs are 
h and 


and I 
ential 
ids of 
vledge 
rtun- 
this 
f the 
otany 
while. 
an dk 
ck-of 
snow 
nitate 
take 
uIS: 














» February 2, 1946 


THE BACKGROUND OF 
RONTGEN’S DISCOVERY* 
By Dr. ALEX MULLER 


Royal Institution 





ONTGEN’S discovery was part of a scientific 
Ke development that had its origin in the research on 
the passage of electricity through rarefied gases. I 
propose to show some of the salient points of this 
search in relation to the discovery of X-rays. 

The inquiry into the discharge of electricity 
through gases starts with Faraday, for though there 
were earlier experiments on the subject, Faraday was 
the first to realize its importance by making it the 
bject of a systematic research'. His attention was 
jirected towards this subject during two periods, the 
arlier lasting from 1836 until 1838, and the later in 
1858, but this of only short duration. The results of 
the earlier period were published in the classical 
Experimental Researches” and are so well known 
that nothing need be said about them here. During 
the short second period Faraday, then past the climax 
f his powers, was essentially a spectator, as can be 
sen from his diary®. 

Looking back to the year 1838, one may ask why 
Faraday abandoned his work on the electric discharge 
through gases; and I think the answer is, that he had 
exhausted the experimental resources at his command, 
und realized that any further research would have 
ntailed tedious work on purely technical matters. 

Several of Faraday’s contemporaries, in Britain 
wd abroad, took up the investigations of the gas 
lischarge, many no doubt attracted by the sheer 
beauty of the newly discovered phenomena; and 
though none of the contemporaries had Faraday’s 
pth of thought, their work must not be under- 
estimated, for it is chiefly owing to their efforts that 
echnical progress was made. With this aspect I 
shall deal later. 

Among Faraday’s contemporaries mention should 
be made of Prof. Abria, of the University of Bor- 
leaux, who discovered the striations in the gas 
lischarge. Abria described* these in 1843. This 
lescription, however, passed unnoticed even by his 
fellow-countrymen, until the striations were re- 
liscovered by W. R. Grove‘ in 1852. 

Attention is directed to this discovery here, since 
the striations were in these days and for a long time 
ifterwards a phenomenon that, more than any other, 
attracted scientific men to the study of the gas 
lischarge.. Many thought that they were something 
fundamental, and even Faraday must have thought 
this when he writes in his diary*: “Does the Electricity 
na stratified column move beyond the interval of 
two strata ? Is not that the unit of Electricity con- 
tained in any one of the discharges ?”’ 

In the period between Faraday’s first research and 
the year 1858, very little insight into the nature of 
the gas discharge had been gained, and no attempts 
towards quantitative measurements were made. The 
absence of any simple relation between intensity and 
current was puzzling, and the presence of the 
striations deepened the mystery. In spite of all this, 

there had been a very substantial advance in a téch- 
nique which later became fundamental for the under- 
standing of the gas discharge. The development of 
this technique is in itself an interesting part of the 
, and a few words may be said about it. 


storys 


* Afternoon lecture at the Royal Institution on November 6. 
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Faraday’s early equipment consisted of a hand- 
worked piston pump, a frictional electricity machine, 
and an egg-shaped discharge tube with movable 
electrodes : hence the name ‘electric egg’, a descrip- 
tion adopted by French and German scientific men. 

We have no detailed description by Faraday of the 
vacuum pump he then used, but we get an idea of 
its performance from an entry in his diary for 
June 25 ', 1836, where he says: ‘Pressure at last not 
more than 0-4 of an inch mercury and as little 
as the pump could make it’. This type of piston 
pump must have been used by Faraday during these 
two years, and by others for quite a long time after- 
wards. A noticeable improvement was introduced by 
Grove in 1852, who gives a drawing of a piston pump 
in which the dead space must have been smaller than 
in the conventional design. He also introduced 
phosphorus into his vacuum chamber, evidently to 
reduce the pressure by absorbing oxygen. With this 
apparatus Groves rediscovered the striations that 
had been foundsby Abria in 1843. Abria gave no 
description of his vacuum pump. 

In 1852, Thomas Andrews‘, at the University of 
Belfast, wrote a paper “On a Method of Obtaining 
a Perfect Vacuum in the Receiver of an Air Pump”. 
To absorb carbon dioxide he used caustic potash, 
and concentrated sulphuric acid for water vapour. 
The vacuum vessel connected to a piston pump was 
exhausted to a pressure of 0-3—0-4 in. of mercury, 
then filled with carbon dioxide, this process being 
repeated several times until at last the remaining 
traces of carbon dioxide had been absorbed by caustic 
potash. Water vapour was then absorbed by sul- 
phuric acid, and Andrews claims to have had a 
pressure as low as 0-02 in. of mercury without taking 
any special precautions, and with great care a pres- 
sure as low as 1/4,500 in. 

This method of the ‘carbonic acid’ vacuum became 
widely used in Britain and, combined with the baro- 
metric or Torricellian vacuum in which the discharge 
tubes were part of a barometer system, gave quite 
good results in the hands of J. Gassiot*, who in 1859 
published a paper entitled “On the Stratifications in 
Electrical Discharges, as observed in Torricellian and 
other Vacua”’. This paper deals essentially with the 
stratifications, but as it also contains other observa- 
tions that are of particular interest here, I give a 
quotation : “After many trials, I ascertained that if 
the negative wire is protected by a glass tubing open 
at the end about one-eighth of an inch beyond the 
point of the wire in the tube, no stratifications can 
be observed in the discharge, which in such cases 
merely exhibits a luminous glow”’; and later: “In 
a tube thus constructed, No. 90, a discharge appears 
to emanate from the negative wire, issuing with great 
intensity through the orifice, and if the wire and the 
tubing are a little inclined, the discharge will impinge 
against the side of the vacuum tube brilliantly 
illuminating the spot on which it impinges”; and: 
“If the discharge is continued for a few seconds, that 
portion of the tube on which the discharge impinges 
will be sensibly heated, and if a magnet is presented, 
the spot will be contracted with one pole, and with 
the other, the discharge will be bent in a manner so 
that its extreme portion will impinge on the other 
side of the tube, illuminating and heating it as above’’. 

Gassiot also gave a drawing of the phenomenon in 
his paper, and there can be no doubt that he had 
produced a cathode ray beam and that consequently 
he must have produced X-rays. How penetrating 
they were we cannot say. Since these experiments 
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were described in 1859, and Faraday had been a 
frequent visitor at Gassiot’s laboratory in 1858, it 
seems not unlikely that Faraday may have witnessed 
the event. 

Not only in Britain but also abroad the vacuum 
technique had made progress. In 1857 the name of 
Geissler was first heard of in Germany as the designer 
of a very efficient mercury vacuum pump and the 
maker of vacuum tubes. Soon Geissler’s tubes were 
known to the whole scientific world, and his art 
gradually gained him a monopoly. Out of Geissler’s 
work developed an industry that kept its high 
reputation over a long period, in fact practically 
until the beginning of the First World War. The 
benefit that science derived from this art of glass- 
blowing even in the very early days is best seen in 
the work of Prof. Julius Pliicker, of the University 
of Bonn. Pliicker’ in 1858 published a series of 
interesting papers mainly dealing with the effect of 
magnets on the vacuum discharge, and in 1859 he 
described in the Poggendorf Annalen experiments 
that showed that he also had produced cathode rays 
in his discharge tubes. Incidentally, Pliicker and 
Gassiot knew of each other’s work ; in fact Gassiot 
says in his paper (loc. cit.) that Pliicker brought some 
of Geissler’s tubes with him when he came to London, 
and that he had demonstrated them in the laboratory 
of the Royal Institution. 

Among these technical developments the produc- 
tion of high voltages should also be mentioned. The 
friction electrical machine that was mainly used by 
Faraday, though it produced a high voltage on open 
circuit, was a poor source of current. The experi- 
menters of the early days looked for other methods, 
such as the use of large batteries consisting of many 
cells connected in series, and descriptions of such 
apparatus appeared in many scientific publications. 
Prof. Daniell, of King’s College, London, described 
experiments with a battery of 3,000 cells; others 
like Grove and Gassiot followed suit, each trying to 
obtain more spectacular results. The building of 
large batteries lasted almost up to the end of the last 
century. It was not only tedious and costly to make 
such large batteries, but their upkeep also presented a 
serious problem. Since the gap between the voltage 
delivered by an electric friction machine and that by 
@ many-cell battery was considerable, a demand 
arose for a flexible and easily manageable supply of 
intermediate voltage. Some workers tried to meet 
this by using the principle of electromagnetic in- 
duction for the design of their high-voltage supply, 
and Gassiot* describes what might be called the 
forerunner of the present-day magneto, such as is 
used with internal combustion engines. Others like 
Abria made use of the high voltage produced by the 
interruption of currents in large electromagnets. 
None of these attempts, though in the right direction, 
was satisfactory. 

It was in 1851 that the situation changed. In this 
year a clever instrument-maker, Ruhmkorff of Paris, 
began to make what is now termed the induction 
coil. The appearance of this new apparatus had a 
truly amazing effect upon the whole development of 
the investigation of the electric discharge in vacuum. 
Soon the name of Ruhmkorff appeared in practically 
every publication dealing with high-voltage elec- 
tricity. 

It is interesting to read the words of some of the 
scientific men of those days. Grove in 1852: “An 
apparatus, to which M. Depretz was kind enough to 
call my attention recently at Paris, etc. . . . It was 








constructed by M. Ruhmkorff”, or Gassiot in 1354. 
“I obtained another instrument from this cel. rate 
mechanician of Paris”. In 1855, Faraday® ). ims 
gave a Friday Evening lecture at the Royal | :istity. 
tion: “On Ruhmkorff’s Induction Apparatus”, ang 
says in the abstract: “The remarkable chars ‘ter of 
the electricity of these currents was then show 1, ete. 
Its intensity is such that it can strike acri ss on, 
third or one half inch of air, whilst the intensity of 
the inducing current was so feeble that it cannot 
traverse any sensible striking distance”. Wh the 
introduction of the condenser on a sugges' ion of 
Fizeau’* in 1853, the performance of the Rubinkorf 
apparatus became still more striking, and uhm. 
korff’s fame spread so far, that in 1859 the |"rene) 
Academy awarded him the “Prix Trémont’’™ for fiy, 
consecutive years. By that time the large instr. 
ments were already able to produce sparks 30 om, 
long in air. 

Going back to Gassiot and Pliicker, we find tha 
neither paid special attention to the negative dis. 
charge in their subsequent work. The situation 
changed when in 1869 Hittorf** published a firs 
communication in @ series of papers on the electrical 
conductivity of gases. 

Hittorf’s first paper provides a new approach to 
the problem. He not only realized advances made in 
technique by Geissler and Ruhmkorff, but als 
recognized the importance of Faraday’s research and 
his attitude towards the problems of electrical con. 
duction. Hittorf’s own contribution was concerned 
with what he calls the negative discharge, now called 
cathode rays. He observed in detail the effect of 
magnets on them and pictured them as thin flexible 
currents carrying filaments. He noticed, for example, 
the focusing effect of a magnetic field on a beam of 
cathode rays travelling parallel to the magnetic lines 
of force, and observed an intense heating at the focus. 
He discovered the very large potential gradient ir 
the immediate neighbourhood of the cathode and 
studied this phenomenon under varied experimental 
conditions. Considering these achievements, it seems 
appropriate to call Hittorf the discoverer of cathode 
rays. An interesting sidelight is thrown on Hittorf’s 
vacuum technique in a footnote where he describes 
some highly exhausted discharge tubes that did not 
let any measurable current pass in spite of high 
voltages, showing that he must have produced 
penetrating X-rays in many of his experiments. 
Hittorf continued his research on the gas discharge 
until 1884. In one of the later papers", he described 
experiments with an incandescent cathode, platinum 
or carbon heated by an electric current. He found 
that under those conditions a current could be main- 
tained through his discharge tube with only a very 
small voltage—l10-—40 Bunsen cells. A_ residual 
luminosity noticed in the tube suggests that it had 
not been a pure electronic discharge, but he was not 
far from unipolar conduction. Goldstein'* in 1885 
repeated these experiments and definitely states that 
with a cold cathode no current passed through the 
tube up to 4 cm. equivalent spark-gap, and that with 
a heated electrode the current would pass only when 
the heated electrode was the cathode. 

Earlier, in 1878, Crookes’® described experiments 
which in fact had in all essentials been made and 
described in Hittorf’s first paper in 1869. Hittorf* 
commented on this in one of his papers in the 
Wiedemann Annalen. 

Several new names began to appear, apart from 
those of Hittorf and Crookes. E. Wiedemann” dealt 
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in several papers (1878-80) with the gas spectra in a 
continuation of Pliicker’s earlier work. Warren de la 
Rue, Hugo Miiller and Spottiswoode described, in 
1875, experiments with a new chloride of silver 
battery of 1,080 cells, which in subsequent work 
increased to the truly monumental number of 14,400. 
This was demonstrated at a Friday Evening lecture 
at the Royal Institution on January 21, 1881, by 
Warren de la Rue. 

In 1886, Goldstein, whose name has already been 
mentioned, discovered the ‘Canalstrahlen’ or positive 
rays which were later investigated by Wien and 
J. J. Thomson. 

With the increase of knowledge of cathode rays 
came the inquiry into their nature. There were two 
views: one assumed the cathode rays to be cor- 
puscular, the other regarded them as disturbances in 
the ether. On the whole, British scientific men 
adhered to the former view. Crookes invented the 
term ‘a fourth radiant state of matter’. On the 
Continent, a number of investigators favoured the 
ether view. There were, however, exceptions. Riecke 
published in 1881 a short note on the path of an 
electrically charged particle with finite mass in a 
magnetic field, and pointed out that Hittorf’s 
experiments could be interpreted by assuming a 
cathode ray to be a stream of such particles moving 
with uniform velocity. Similar calculations were 
made in 1876 by Stokes, and these were published in 
an article by Spottiswoode. These calculations, how- 
ever, dealt with the deformation of a flexible current 
filament (spark) and no mention is made of particles. 

The idea of atomistic electricity was first announced 
by Johnstone Stoney" in a lecture at the Belfast 
meeting of the British Association in 1874 and was 
later published by him in 1881 in the Philosophical 
Magazine. At the same time, Helmholtz brought 
forward the same idea in a lecture in Germany. 
Johnstone Stoney gave the atom of negative elec- 
tricity the now familiar name ‘electron’. 

The general theory of discharge of electricity in 
gases, incorporating both the positive and negative 
atomic charges, was first given by A. Schuster'®, who 
made a brilliant analysis of the whole problem of the 
electrical conductivity of gases. His three papers 
mark the beginning of a new development in this 
field of research. 

We are now rapidly moving toward Réntgen’s 
discovery, but there are two more events to record. 
In 1892, H. Hertz**, who previously had made the 
great discovery of electromagnetic waves, published 
a paper in which he showed that cathode rays can 
pass through thin metal foils. This important fact 
must have influenced Prof. Ph. Lenard**, who thus 
perceived the possibility of investigating cathode rays 
escaping through a thin aluminium window in the 
discharge tube. Lenard’s famous tube and the equally 
remarkable experiments with cathode rays were de- 

scribed by him in his well-known paper. After this, 
the stage was set for Réntgen’s discovery in 1895. 

Réntgen sent his first communication to the 
Wiirzburger Physikalische-Medizinische Gesellschaft, 
a local scientific society, which published it towards 
the end of the year 1895. The paper bears the title, 
“tber eine neue Art von Strahlen”. A few months 
later, in 1896, he made a second communication and 
these two, together with a third, appeared in the 
Annalen der Physik** in 1898. 

The new rays, or X-rays as the discoverer called 
them, were investigated with extreme thoroughness 
by Réntgen, and although a large number of investi- 
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gations were made and reported in 1896 by his 
contemporaries all over the world, no essentially new 
facts appeared for several years. This holds in 
particular for his discovery of the ionization pro- 
duced by X-rays in gases and solids. 

Bearing in mind the fact that X-rays had been 
produced in many previous investigations, as has 
already been shown, the question arises why Réntgen 
succeeded when others failed. At that time Réntgen 
could not have predicted the existence of X-rays on 
theoretical grounds. In his communications he makes 
no claims to prediction, and simply states what he 
had found. He does not say why he chose the par- 
ticular combination of apparatus that gave him his 
results. Zehnder, a contemporary of Réntgen, who 
was for many years his assistant, though not at the 
time when X-rays were discovered, gives a very 
plausible explanation in: his biography of Réntgen, 
“Réntgens Briefe an Zehnder’**. From this we 
gather that in 1894 Réntgen had acquired one of 
Lenard’s tubes and that he was much impressed by 
its performance. According to Zehnder, Réntgen 
most likely tried to see whether or not some of 
Lenard’s rays might escape into the open from an 
ordinary Hittorf vacuum tube, and in carrying out 
the experiment be discovered the new rays. 

The discovery was therefore to a great extent a 
stroke of good luck that any of Réntgen’s predecessors 
since Gassiot might have had. Réntgen’s great 
achievement lies in his thorough investigation of the 
properties of the new rays. The element of luck 
inherent in any discovery only enhances the fascina- 
tion attached to the study of the history of an idea 
and of a tool, that from their embryonic state in 
Faraday’s time furnished new and important know- 
ledge after a long period of development. 
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PROGRESS OF X-RAY ANALYSIS 
OF ORGANIC AND FIBRE 
STRUCTURES 


By Pror. W. T. ASTBURY, F.R.S. 
University of Leeds 


R the mornings of November 9 and 10 of the 
Réntgen Celebrations, the Institute of Physics 
arranged two sessions held at the Royal Institution 
and devoted to a series of short papers on pro- 
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gress and prospects in X-ray structure analysis. 
J. M. Robertson and Dorothy Crowfoot (Mrs. 
Hodgkin) spoke on organic crystals, and W. T. 
Astbury on fibre structures ; and since their remarks 
link up together, it is convenient to summarize them 
in the order just given. 

(1) Organic structures represent the greatest single 
field for the application of the methods of X-ray 
crystal analysis. Progress was slow at first because 
<he structures are nearly always complicated, with 
many similar atoms occupying general positions in 
the unit cell; but now that the initial difficulties 
have been overcome, many accurate solutions have 
been worked out by the methods of successive 
approximation by means of Fourier series. Striking 
advances of a purely crystallographic kind are still 
by no means easy, however, for the unusual reason 
that the organic chemist has already made such 
tremendous progress that it is quite a problem to 
provide him with information with which he is not 
already familiar ! 

Broadly speaking, the field open to X-ray analysis 
falls into three principal domains. First, there are the 
numerous complex compounds that lie on or near the 
boundary of the subject and the structure of which 
is still unknown to the chemist. Progress here is 
possible only in close collaboration with the latter, 
and then it not infrequently happens that a few 
simple X-ray measurements give information about 
the general shape of the molecule that eliminates 
a number of possibilities at once. Later, ial 
groupings and configurations may be tested, but this‘ 
is mostly very difficult unless heavy atoms can be 
placed in the molecule at predetermined points, or 
isomorphous series can be prepared. Notable con- 
tributions of this sort have been made by Bernal 
in his early work on the sterols, and by Miss 
Crowfoot in recent more detailed work on similar 
compounds. 

Secondly, there are the compounds, more numerous 
than might be thought, the structures of which are 
known to the chemist in broad outline but not in 
detail. If a compound belongs to the aromatic 
series, the chemical structural formula now enables 
us to tell the spatial positions of its atoms with a 
good deal of precision ; but if it is fully hydrogenated, 
then the situation may be very different : numerous 
isomers are possible that from the chemical point of 
view are hard to identify. For example, our know- 
ledge of the configurations of even the simple 
cyclohexane derivatives is far from complete, and 
the precise structures of the various isomers of that 
now very important substance, benzene hexachloride, 
are largely unknown. In directions such as these 
there is great scope for X-ray analysis, and a consider- 
able amount of work is in progress in Glasgow. 
Generally speaking, however, the problems involved 
are proving to be very difficult. 

Thirdly, there are all the organic compounds the 
structures of which are now well known to the 
chemist in the sense that he knows the relative 
spatial positions of all the atoms, together with 
something about their types of bonding. X-ray 
analysis can add much to this kind of information by 
translating it into absolute terms, rather in the way 
the new X-ray crystallography has transformed the 
axial ratios of the old classical crystallography. 
The advances actually made have been very great 
indeed, and now form the basis of a large part of 
modern theoretical chemistry. As two examples 
may be mentioned the. structures of the aromatic 


NATURE 





February 2, 1946 Vol. 157 


hydrocarbon, coronene, and of certain carboxylic 
acids. The solution of the coronene structure is of 
special interest because it is the first case of a p ely 
aromatic condensed-ring hydrocarbon where diff: ent 
bond-lengths have been detected in different ; arts 
of the molecule—a state of affairs that ca: be 
predicted by theoretical calculations based on the 
method of molecular orbitals (Coulson). The crystal 


structure of oxalic acid dihydrate is intere ing 
because it contains one of the shortest known 
hydrogen bridges between oxygen atoms (2-5: A.) 
and gives an abnormally large spacing expansion 
when deuterium is substituted for hydrogen. Until 
recently this was an isolated case, but the acetylene 


carboxylic acids have now been shown to behave 
similarly. Work on these structures is at present in 
progress in Glasgow. 

(2) The problem of solving the structure of a 
complex organic crystal is effectively that of eluci:dat- 
ing the structure of the molecule under investigat ion. 
Even the earliest example, that of hexamethy|lene 
tetramine in 1923, proved able to distinguish between 
various likely chemical formule ; but as the number 
of possible atomic arrangements increases, the 
character of the problem changes, and solutions have 
been sought through the use of Fourier methods 
applied to isomorphous stractures differing in one 
atomic constituent, or to crystals containing one 
very heavy atom. Either approach provides informa. 
tion on the phase angles of certain X-ray reflexions, 
that may be complete as in the case of phthalocyanine 
(Robertson), or only partial as with a-chitosamine 
hydrochloride and hydrobromide (Cox and Jefirey) 
or cholesteryl iodide (Carlisle and Crowfoot). The 
advantages and imperfections of the method may be 
illustrated by the analysis of one modification 
(B) of cholesteryl iodide. Here the heavy atom, 
iodine, gave the phases necessary for the complete 
determination of one Fourier projection ; and in this 
projection, in the light of earlier X-ray and chemical 
knowledge, it was easy to pick out the outlines of the 
sterol skeleton. In three dimensions the phase angles 
are indeterminate. There is little difficulty in 
separating the effects due to the two molecules in the 
unit cell, but the placing of the atoms within one 
molecule is less wnambiguous and required some 
trial-and-error work. The final solution does provide 
evidence on certain points of sterol stereochemistry 
with regard to which chemical evidence is either 
absent or conflicting. 

One might ask whether the sterol skeleton would 
have been recognized in the Fourier pattern if its 
general form had not been known already. In 
cholesteryl iodide probably it would; but on the 
other hand, recent very practical experiences show 
that it is quite possible to have a correct, or nearly 
correct, Fourier projection without recognizing in 
the least which peaks represent which of the known 
atoms present. In such cases it is a good plan in the 
early stages to examine more than one—not isomorph- 
ous—crystal structure containing the’ molecule under 
investigation, while in the later stages one’s protection 
lies in the fact that the final solution must reveal 
discrete, reasonably well-formed atoms, and the 
right number of atoms at that. Actually, in this 
region it is noticeable that it becomes less easy to 
fix precisely the atomic positions (presumably 
because they are less precisely fixed in space them- 
selves), and this is evident from the falling-off of 
the intensity of reflexion at small spacings. A 
beautiful illustration of the effect is found in Jeffrey’s 
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analysis of geranylamine hydrochloride : the farther 
away the carbon atoms are from the ionic centre, 
the more the spreading of the electron-density 
contours. 

Lastly, the placing of the many atoms in such 
structures requires very heavy calculations. In the 
early stages of the analysis the difficulties can be 
met admirably by the use of the ‘fly’s eye’, or by the 
Bragg and Lipson structure-factor graphs; but in 
the later stages it does seem that some professional 
computing assistance or new developments in 
machines are called for. 

Though it would be rash to set an upper limit to 
the complexity of structure that might be handled 
by these methods, it must be confessed that the 
present outlook with regard to detailed solutions of 
protein crystals is not very hopeful. They give 
photographs directly comparable with those of 
simpler crystals, but in the case of the tobacco 
necrosis virus, for example, the triclinic unit cell 
(the largest yet measured) has dimensions 179 x 
219 x 243 A. and contains molecules not far from 
200 A. across. One can estimate that out to the 
observed spacing limit of 2-8 A., one might measure 
something like a million reflexions; and even with 
crystals of ‘small’ proteins one can easily measure 
five or ten thousand reflexions! The numbers of 
atoms involved are out of all proportion to the 
twenty-nine of cholestery! iodide—literally thousands 
—and no heavy atom known would control the 
phase angle. Protein crystals have, however, one 
property that can assist in their investigation—that 
of containing large and variable amounts of liquid 
of crystallization. From vector maps given by 
crystals in various states of hydration, it is possible 
to show that the molecules are essentially rigid 
entities, and with some crystals it is possible to 
obtain also some limited information on the phase 
angles of reflexions. In this way Perutz has shown 
that the hemoglobin probably has a four-layer 
structure. But even the thousands of available 
reflexions do not take us down to the limit necessary 
to distinguish discrete atoms, and it is clear that 
great caution will have to be exercised in order to 
make sure of any interpretation in terms of exact 
chemical arrangement. At one extreme far more 
work is needed in the region between compounds 
already analysed and the proteins ; while at the other 
we may hope that the lower limits of resolution of 
the electron microscope may be extended to check 
the accuracy with which we can deduce the grosser 
structure of the protein molecule. 

(3) The X-ray study of fibres—natural, artificial, 
and synthetic—has to do mostly with the structure 
and states of aggregation of giant molecules about 
which little precise is known, and among which 
progress is possible only in close collaboration with 


§ other physico-chemical methods of approach. Indeed, 


since the beginning of the century, the various 
techniques of the science of high polymers have 
grown up together, and though it is fair to say that 
since the 1920’s X-rays have played a leading part, 
giving time and again just those geometrical and 
dimensional clues needed to co-ordinate the accumu- 
lated facts, it still remains that collaboration is 
essential if ever we are to cope successfully with the 
multitude of unresolved details. There is scarcely 
& more worthwhile task, however, if only for the 
sake of molecular biology, where perhaps more than 
anywhere else the great future of X-ray analysis 
lies. To say this is not to disparage technology 
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either, for textiles and plastics too now draw their 
basic inspiration from the lessons of the natural 
macromolecules, and the greatest field in present-day 
chemistry, whether biological or industrial, forms 
in reality but a single subject, the science of chain- 
molecules. 

It is convenient to subdivide this field into four 
principal and interrelated sections : polysaccharides, 
proteins, polynucleotides, and plastics. Cellulose is 
the polysaccharide-in-chief, and it has been a constant 
object of interest to the X-ray analyst ever since 
the close of the First World War. The chemical 
advances made by Haworth and his school combined 
with the X-ray interpretation first given by Sponsler 
and Dore soon led to further important developments 
at the hands of Meyer and Mark and their co-workers, 
and altogether, since those days, it is beyond question 
that the contribution of X-ray methods to our know- 
ledge of cellulose and its derivatives has been 
invaluable. For a number of years the actual detailed 
shape of the moiecular chain inferred from the X-ray 
patterns was almost certainly incorrect ; but more 
recent considerations, especially those based on a 
comparative X-ray study of the new configuration 
discovered in alginic acid, the polysaccharide from 
seaweed, supported by the results of Cox and his 
collaborators working on sugars, have very probably 
put that right. We are left now with the extremely 
helpful conclusion that the interatomic distances and 
interbond angles used in the structure of the polysac- 
charides are to a first approximation the same as 
those already found in simpler aliphatic molecules. 
It is still not possible to prove exactly where each 
atom is in the cellulose structure—in spite of great 
improvements in the X-ray photographs the diffrac- 
tion data are really not sufficient for an exhaustive 
analysis—but models can now be constructed that 
must be quite near the truth. 

The protein fibres (or more correctly the fibrous 
proteins), for all their great variety, have yielded 
to X-rays the somewhat unexpected result that they 
fall for the most part into only two main configur- 
ational families, the keratin-myosin-fibrinogen group 
and the collagen group, distinguished chiefly by the 
long-range elasticity of the former. In spite of 
considerable variations in chemical constitution 
within both groups, these two master plans are 
preserved throughout. In the keratin-myosin- 
fibrinogen group the unit of structure is a polypeptide 
grid the normal equilibrium configuration of which 
is buckled ; that is, the main chains are thrown into 
a series of folds that lie in planes transverse to the 
cross-linkages; and the basis of the long-range 
elasticity is the capacity to unfold and refold. The 
essential structural problem is the nature of the 
intramolecular fold that characterizes the group ; 
and accumulated evidence now points to a simple 
system of close packing of the side-chains, with 
the polars on one side of the main chain and the non- 
polars on the other. Such a plan is sufficient to 
explain the observed striking unity amid chemical 
diversity, and in particuldr it offers against its 
proper molecular background the most satisfying 
general interpretation to date of muscular activity. 
The plan of the keratin-myosin-fibrinogen group is 
one of the fundamental ideas in vital architecture : 
it represents a power of the cell of synthesizing 
elastic fibrous protein of a standard molecular 
form, yet the details of which can be adapted to 
as many ends as the processes of differentiation 
demand. 
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By a generalization of the idea of chain folding 
first derived from the X-ray study of the fibrous 
proteins, we arrive at the concept of the corpuscular 
proteins, and then at the interpretation of denatura- 
tion as a process of disorganization whereby the 
peptide chains are liberated from their specific 
configurations ; and it has in fact been demonstrated 
conclusively by X-ray methods (leading to actual 
industrial processes) that artificial fibrous proteins 
can be spun, after denaturation, from many corpus- 
cular proteins. By an extension of the idea of close 
packing of the side-chains, we arrive at the concept 
of the protein lamina, probably again usually with 
all or most of the polars on one side and the non- 
polars on the other ; and the next step is the building 
of combinations of two or more laminz, sometimes 
alone and sometimes sandwiched with accessory 
groupings, such as lipoid lamine. It was an early 
deduction (1936) from X-ray fibre and monolayer 
data that the egg albumin molecule consists 
probably of four superposed lamine of folded 
polypeptide chains, and recent physico-chemical 
results by Lundgren and Palmer strongly support 
that suggestion. Also, the X-ray findings of 
Perutz and Boyes-Watson now point to a similar 
conclusion for the structure of the hemoglobin 
molecule. 

The full pattern along the molecular chains in 
both the keratin-myosin-fibrinogen group and the 
collagen group is on a giant scale as molecules go, so 
great as to fall within the range of the electron 
microscope, as has been shown by the recent very 
beautiful experiments of F. O. Schmitt and his team. 
Even in unstained collagen fibrils, they have 
demonstrated a system of light and dark bands 
corresponding to the 640A. X-ray fibre period 
found independently by Bear and Kratky, while in 
fibrils from certain clam muscles, after treatment with 
phospho-tungstic acid, they have succeeded in 
revealing more detail still—a most intriguing 
arrangement of stainable regions forming a system- 
atically distorted hexagonal net. The impression 
one gets from combined X-ray and electron microscope 
studies is of ‘patterns within patterns’, of successive 
levels of organization proceeding from the basic 
plans revealed in large-angle X-ray photographs up 
to the relatively enormous fibrils, and thence to 
combinations of fibrils. In this progressive building- 
up process and the transition from one level to the 
next, we possibly have to do with small proportions 
of non-protein components, for example, nucleotides 
and carbohydrates ; and the suggestion is that it is 
now necessary to estimate such small-proportion 
components with much greater precision, to see if 
they are indeed in definite and structurally significant 
stoichiometric relation to the remainder. 

The X-ray study of the polynucleotides, like the 
chemistry of these all-important structures, is as 
yet practically in its infancy. An encouraging start 
has been made with sodium thymonucleate, the 
diffraction pattern of which indicates a columnar 
piling of flattish nucleotides spaced at almost exactly 
the same distance as the separation of successive 
side-chains in an extended polypeptide, and similar 
features are suggested by preliminary photographs 
of nucleic acids of the ribose type; but otherwise 
all this great world remains to be conquered. The 
proffered reward is tremendous, for, whatever else 
is in doubt, it seems clear enough now that the 
innermost secrets of biosynthesis rest above all with 
the proteins and the nucleic acids. 
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X-RAY DIFFRACTION IN 
INORGANIC CHEMISTRY, 
METALLURGY AND MINERALOGY 
By Dr. H. LIPSON* 


wn 
4 


Chemistry of the Solid State 


HE discovery by Friedrich, Knipping and Laue 
of the diffraction of X-rays by crystals © ened 
up new vistas to those interested in the stricture 


of matter. It was now possible to determi: the 
environment of individual atoms, and this inev ‘ably 
led to a new and lively interest in the proper: ies of 
matter, the further study of which had seemd to 


be opposed by an impassable barrier. Moreover, « new 
status was given to crystallography. No longer was 
it to be regarded as a subject of limited interest; 
all men of science had to have a sound knowledge 
of crystallographic principles and the ability to apply 
them to their special problems. 

Inorganic chemistry, in particular, was revolu- 
tionized by the new concepts that. emerged from the 
determinations of the first crystal structures. Rock 
salt—the first crystal to be analysed—provided 4 
striking example. It was known, of course, that it 
dissociates into ions of sodium and chlorine when it 
dissolves in water; but it was supposed that in the 
solid state the ions were associated in pairs to form 
molecules of NaCl; this was the readiest way of 
accounting for the equality of numbers of sodium 
and chlorine atoms. Barlow, in 1883, had suggested 
the true crystal structure; but as his suggestion was 
not supported by direct experimental evidence it had 
not reached the general consciousness of chemists. 
X-ray diffraction showed that Barlow’s structure was 
correct and that there were therefore no molecules 
of NaCl, but only regular arrangements of chlorine 
and sodium atoms in which each atom was sur- 
rounded by six of the other sort. The equality of 
numbers of the atoms then appeared to be a result 
of the equality of their chemical valencies. In this 
way the beginnings of a new chemistry—crystal 
chemistry—arose. 

This subject may be called the chemistry of the 
solid state as distinct from the chemistry of the 
liquid state, which was, and still is, the chemist’s 
main interest. As methods for determining crystal 
structures improved, so more and more chemical 
compounds were analysed and provided data for the 
theoretical chemist. Not only was it possible to 
determine bond-lengths and inter-bond angles, but 
also to study ions and infinite complexes that could 
not exist in the liquid state. 

Hydrated inorganic compounds provide a good 
example of the fruits of this study. The structures 
of salts with four or six molecules of water could 
be adequately explained on the basis of Werner's 
co-ordination theory, the water molecules forming 
simple regular arrangements about the cation ; but 
what of compounds such as 3CdSO,.8H,O or 
H,PW,,,049.29H,O ? The determinat ion of the 
structures of compounds such as these showed that, 
in addition to providing a regular grouping around 
the cation, the water molecules because of their polar 


*A review based Lae papers read by Dr. A. F. Wells, Dr. H. 

Lipson and Dr. W. H. Taylor at a meeting held in the Royal Institution 

| Ppl 10 to celebrate the fiftieth anniversary of the discovery 
-rays. 
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nature could help to provide links in the chains of 
forces holding the crystal together. 

This indeed is one of the rather surprising results 
that have emerged from crystal analysis—the large 
part that geometry plays in influencing atomic 
arrangements. Apparently water molecules can take 
up their places in a crystal because they can adapt 
themselves to the space available, and the structure 
has then a lower free energy than if an arrangement 
of anions and cations was built up without them. 
Similarly, molecular compounds such as CH,I.38, 
exist because their molecules are so shaped that they 
fit well together. 

Nevertheless, the importance of crystal chemistry 
lay not in the geometry of structures but in the forces 
holding the structures together. When the main 
structure types were analysed, the process of system- 
atization and classification began, and in its general 
outlines the scheme is now fairly clear. The forces 
that hold the atoms together in crystals such as 
rock salt were clearly not the only forces available, 
for these cannot exist in crystals, such as those of 
the elements, in which there are atoms of only one 
kind. Thus the theory of the covalent bond was 
developed ; a pair of atoms was supposed to have 
a lower energy if an electron was shared between 
them, this reduction of energy being equivalent to 
a force between the atoms. Clearly, this type of 
bond could suffice for many different crystals: more 
than one electron could be shared between a pair of 
atoms, or, on the other hand, an electron could be 
shared between many atoms. This latter case found 
its limiting expression in the metallic state, in which 
each available electron is shared between all the 
atoms in a crystal. The only type of bond that 
was not included is the van der Waals bond, 
which is a result of the ordinary gravitational 
attraction and is much weaker than the other types 
of bond. 

The main outlines of crystal chemistry are based 
on these four types of force. But as happens so often 
in science, these main outlines are not enough; a 
close examination of structural details showed that 
sfiective atomic radii did not fall into the various 
groups in as orderly a fashion as was expected. It is 
now realized that bonds in general do not fall pre- 
cisely into any one class; any particular bond then 
may have both an electrovalent and covalent char- 
acter: there is no clear-cut division. This is the 
present state of the subject. Advances will be made 
as more data become available, and the relations 
between bond-length and type of interatomic force 
become accurately established. But such data must 
be accurate ; some laboratories produce work of high 
accuracy, and a general levelling up of the standards 
of all to that of the best would be desirable. 


The Metallic State 


In the study of the metallic state, progress has 
been slower, for the raw material of the crystallo- 
grapher—the single crystal—was not readily avail- 
able. However, the discovery by Hull, and by 
Debye and Scherrer, that even powdered crystals 
could give interpretable X-ray diffraction photo- 
graphs, brought the ordinary polycrystalline metal 
within the scope of X-ray analysis. The powder 
method and its modifications have been used with 
great advantage to deal with many problems, both 
industrial and academic. 

The determination of equilibrium diagrams pro- 
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vides perhaps the most important example of the 
application of X-ray methods. Metallurgists used 
various methods, each with its particular advantages 
and disadvantages ; but X-ray powder photographs 
provided much clearer characteristics than any other 
method for the identification of phases. Particularly 
noteworthy was the pioneer work of Westgren, and 
outstanding among Westgren’s work was his identi- 
fication of the high-temperature phases in pure iron ; 
these results could not have been obtained by other 
methods. All this, however, does not mean that the 
X-ray diffraction method has displaced other methods. 
For certain purposes X-ray methods have not been 
so successful as was originally hoped; and the 
general opinion at present is that the X-ray worker 
should, if possible, supplement his results by those 
obtained with other methods. 

An unexpected use of X-ray diffraction is the 
measurement of internal stresses in metals. Elastic 
changes in a piece of metal are accompanied by 
corresponding changes in the lattice of each crystal, 
and the lattice changes can be measured by means 
of X-rays. It is perhaps too early to give a considered 
opinion about the ultimate value of this use of X-rays : 
at present it seems promising, but it should be 
interesting to see in about five years time whether 
it still has a place in the industrial armoury, or 
whether it has been displaced by methods simpler 
and more easily applied. 

Of more undisputed utility is the detection of 
preferred orientation in substances due to the method 
of fabrication. For example, when metal is rolled 
into sheet form, the crystal grains tend to align them- 
selves with similar orientations, and the resultant 
materials may have properties approximating to 
those of a single crystal. This is often undesirable, 
and the fact that the preferred orientation can be 
detected by X-rays before the material is put into 
use makes it possible to control the phenomenon 
satisfactorily. 

The fundamental importance of X-ray diffraction, 
however, lies in the insight it gives into atomic 
arrangements. The work of Bradley, first in the 
determination of the y-structure and later in the 
determination of the structure of the orthorhombic 
phase NiAI,, has been outstanding in this connexion. 
The determination of the crystal structures of the 
various phases that appear in equilibrium diagrams 
is @ necessary preliminary to the complete under- 
standing of these diagrams. . Ideally, we should be 
able to calculate the free energy of any atomic 
arrangement. Far as we are from this ideal, a start 
has been made; in some instances it is possible to 
calculate how the free energies of the valency electrons 
(which characterize the metallic state) vary with the 
composition of the alloy, and these free energies 
often decide which phases will be stable. The results, 
beautifully expressed in the form of the Brillouin- 
zones theory, agree well with the empirically de- 
duced Hume-Rothery rules, which relate the stable 
structure to the numbér of valency electrons 
associated with each atom. This is the first successful 
attempt to correlate theoretically the existence of a 

hase and its crystal structure. 

All this is concerned with what we might call the 
‘statics’ of metals; within the last few years a new 
type of study, which we might call ‘kinetics’, has 
begun, and in the future it will probably overshadow 
in importance the earlier work. Few alloys in common 
use are in equilibrium states ; transition states with 
enhanced strength or hardness are usually sought 
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for. For example, duralumin—ideally an alloy of 
4 per cent of copper in aluminium—-has a Brinnell 
hardness number of about 60 if the copper is all in 
solid solution ; but if it is left for a few days at room 
temperature the copper tends to precipitate and the 
hardness number increases to about 90. If single- 
crystal photographs are taken it is found that streaks 
appear as the hardening develops, and Preston and 
Guinier have both ascribed these streaks to the 
presence of sheets of copper atoms parallel to the 
(100) planes. Preston has carried the investigation 
a stage further; he annealed a single crystal at 
200° C. and found that the streaks developed maxima 
and finally broke up into definite spots. These he 
found to belong to a structure of the CaF, type. 
Now the stable phase 6 has not this structure, and 
Preston ascribed this precipitation of a metastable 
phase to the fact that it had a plane of atoms in 
common with the aluminium structure. In this way 
the increase in surface energy that occurs when 
a phase is precipitated is largely eliminated and 
the whole system has a lower free energy than a 
system composed of stable structures on the 
same scale. 

Another example of the study of the kinetics of 
metals is provided by the alloy Cu,FeNi,. This 
alloy is face-centred cubic at temperatures above 
about 800°C. but at lower temperatures breaks up 
into two face-centred cubic phases. Daniel and 
Lipson have shown that in the process of dissociation 
the alloy gives a powder photograph that has diffuse 
bands on either side of the main diffraction lines. 
The bands can be explained as ‘ghosts’ due to a 
periodic deformation of the lattice on a scale of 
100-1,000 A. The intensities and positions of these 
‘ghosts’ change as the alloy is given different heat 
treatments, and from measurements of these quan- 
tities it is possible to obtain valuable information 
about the process of dissociation. 


Structure of Minerals 


Similar problems have arisen in the study of 
silicates. Many interesting types of diffraction effects 
have been observed and these should throw a great 
deal of light on the mechanism of isomorphous re- 
placement. Before dealing with these effects, how- 
ever, it is necessary to outline the types of structure 
that occur and to show the part that X-ray analysis 
has played in their classification. 

Before the advent of X-ray analysis, mineralogists 
had classified silicates according to their physical 
and chemical properties. On the basis of the physical 
properties, the classification was mainly correct ; on 
the basis of their chemistry it was quite wrong. To 
explain the different proportions of silicon and oxygen 
in the different compounds a series of ‘silicic acids’ 
was postulated. The researches by W. L. Bragg’s 
school in Manchester showed that the underlying 
principles were in reality much simpler ; each silicon 
atom is always surrounded by oxygen atoms at 
the corners of a regular tetrahedron, and the 
oxygen atoms are sometimes shared between two 
tetrahedra. By varying the number of tetrahedra 
that share oxygen atoms and the number of 
oxygen atoms in one tetrahedron that are shared, 
& great variety of silicon-oxygen ratios can be 
produced. 

Once this principle was established, the rest of the 
structural details fell naturally into place. The 
system of linked SiO, tetrahedra in a crystal behaves 
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as an anion, and its negative charge is balancod by 
the positive charges on metallic cations. The whole 
structure obeys Pauling’s rules, which in effec 
postulate that there must be no accumulat in oj 
charge on any small group of atoms. Thesv rules 
are essential to a proper understanding of silicate 
structures and of the extensive isomorphous rv-:lace 
ment that is found in naturally occurring mi: .crals. 
In this replacement the most important factor |s tha 
the replacing atom should be similar in size + 


that 
which is replaced ; the number of replacing toms 
will then be governed by their valencies, ip accor dangs 
with Pauling’s rules. This is another exam) le of 


the importance of geometrical considers: jong. 
the chemical nature of the atoms is of neg|igib) 
influence. 

Isomorphous replacement does not always take 


place in a simple way, and some mixed ecrystz!s pro 


duce the interesting diffraction effects referred t 
earlier. The felspars, for example, have been s\ died 
in detail by W. H. Taylor and his school. These 
minerals have a framework of tetrahedra in which al/ 
the oxygen atoms are shared between neighb wring 
tetrahedra. Considerable variation is possible in the 
dimensions of this framework, and so cations of 
different sizes can be accommodated. Difficulties 
arise, however, when two different atoms have to be 


accommodated in the same structure, as happens i 
the potash soda felspars. Ir potassium predominates, 
the structure is an ordinary solid solution ; but ifa 
large amount of sodium is present an interesting type 
sof structure may occur. In these perthitic structures, 
lamelle which are successively potassium-rich and 
sodium-rich are produced ; in the former the frame. 


work is extended, and in the latter contracted. This 
variation in structure occurs in a ‘single’ crysta!, and 
the diffraction effects can therefore be studied in 


some detail. The structure is, however, rather com. 
plicated and a complete explanation of all the effects 
observed has not yet been obtained. It is certain that 
many interesting problems of this type will occur 
in work on minerals. 

Another kind of defect occurs in the mineral 
chrysotile, the most important raw material of the 
asbestos industry. The X-ray photograph contains 
a mixture of sharp reflexions and reflexions with 
‘tails’ spread out along the layer lines. The problem 
of the determination of the defect that gives this 
diffraction pattern has been partially solved by 
Warren and by Aruja, but publication of the complete 
solution is still awaited. 


There are thus still many interesting problems 
awaiting solution in the field of X-ray diffraction, 
and it is in the realm of the distorted or imperfect 
crystal that the various branches of the subject are 
likely to link together. For a successful study of these 
phenomena the technique of taking X-ray photo- 
graphs must be advanced ; many of the phenomena 
observed nowadays would scarcely have been noticed 
with the apparatus used, say, twenty years ago. High- 
temperature cameras and cameras of large radius will 
have to be available, and crystal-reflected radiation 
will have to be used. In addition, X-ray tubes of 
greatly increased power will be necessary so that 
exposures will not be unduly prolonged and so that 
finer collimators can be used. Only then will 
these problems of the secondary X-ray diffraction 
effects—which may lead into quite unexpected 
regions—be attacked and solved on the scale they 
require. 
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RELATIONAL PLANT 
MORPHOLOGY 


By R. H. RICHENS 


imperial Bureau of Plant Breeding and Genetics, Cambridge 





LTHOUGH occasional protests have been made 
A by plant morphologists for many years against 
the inflexible framework of morphological concepts 
to which they have felt compelled to adhere in inter- 
preting their experimental data, little attempt has 
ben made to discard the defective outlook of 
traditional morphology in favour of something more 
ulequate. Implicit in most botanical text-books and 
weepted by the majority even of research workers is 
the notion that morphology consists largely of the 
gtablishment of categories, such as chromosome, 
cll, vessel, periblem, pericycle, root, stem, leaf and 
sipule, into which all the diversity of plant structure 
has to be forced; and structures as dissimilar as 
styledons, stamens and carpels, which happen to 
fall in the same pigeon-hole, in this case labelled 
leaf’, are then described as related by the bond of 
‘homology’. 

Such a naive procedure, which has characterized 
botanical research since the time of Aristotle, is 
understandable as a psychological phenomenon, since 
it panders to that weakness of the human mind which 
derives satisfaction from classification however 
arbitrary. It also derives historically from the 
llegitimate use of Platonic ideas in scientific thought’, 
the assumption being that the morphological category 
corresponds to an archetype transcending the world 
if appearances. To-day, however, this attitude is no 
longer tenable, partly because the logical inexactitude 
of so doing has become evident, and partly because 
the many controversies concerning aberrant structures 
have indicated clearly the insufficiency of any of the 
criteria commonly used to establish the categories. 

Many different characteristics have been suggested 
as affording a safe guide to the fundamental inter- 
relations of plant organs, the most important being 
conformity with a hypothetical archetype, similarity 
of adult structure, comparative ontogeny, phylo- 
genetical relationship, teratological behaviour, and 
the evidence provided by transitional structures. 
That no one of these criteria nor any particular com- 
bination of them has proved universally adequate has 
become apparent through the researches of such 
authors as Bower*, Goebel*, Arber‘, and Hamshaw 
Thomas*, and consequently the categorizing morph- 
ologist must make an arbitrary choice, usually dis- 
guised by the adjective ‘probable’, in classifying 
anomalous cases. The number of instances in which 
this breakdown occurs is very large, an example being 
the carpel, variously interpreted as an illegitimate 
abstraction®, a leaf’, an axile structure*, or an 
organ sui generis*. Again, the angiosperm stem is 
variously interpreted as a true axis, a sympodium of 
phytons’*, or an axis ensheathed in a foliar peri- 
caulome™s'*, Many categories include organs only 
remotely similar, such as the leaf, which comprehends 
foliage leaves, bracts, cataphyllis, cotyledons, carpels, 
stamens, petals and sepals; and the stipule, which 
includes together with the typical dicotyledonous 
stipule, the ochrea of the Polygonacex, and the so- 
called stipules of Smilax and Potamogeton. Very 
frequently categories are regarded as distinct when, 
in fact, they are but variant forms of a single type 

and connected by structures attributable with equal 
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justification to either. For example, there is no 
essential difference between stipules and basal leaflets, 
between vessels and tracheids, between basidia and 
conidiophores, or between homologous and non- 
homologous chromosome segments. Finally, when 
the pigeon-holing morphologist has done his best, 
there remain structures such as the rhizophore of 
Selaginella and the shoot system of Utricularia, which 
have to be ruefully recognized as sui generis, that is, 
as sole members of their categories, or else given 
artificial and forced interpretations as in the classical 
explanation of the shoot system of Vitis. 

A large proportion of the morphological contro- 
versies of the past have been concerned on ultimate 
analysis with the choice of pigeon-holes, and are as 
such incapable of logical resolution—de gustibus non 
est disputandum. Such were to some extent the 
controversies relating to the nature of the carpel 
between Hamshaw Thomas*. and McLean Thomp- 
son'*, and the carpel polymorphism controversy 
between Saunders**’* and Eames and Wilson?’,’*. 

Clearly, the morphology of arbitrary categories 
leads to a logical impasse, and it is highly desirable 
that a coherent substitute be introduced, thereby 
eliminating the ‘probable’ decisions that confront the 
traditionally minded morphologist. This may be done 
comparatively simply, first, by subjecting the 
morphological concepts in current use to a stringent 
logical analysis, and secondly, by utilizing only those 
concepts in morphological discussion the logical inter- 
relations of which have been adequately elucidated. 

When this is done, it becomes obvious that the 
majority of morphological categories are not disjunct 
entities, but are merely varying degrees of larger, 
more comprehensive categories. Moreover, they admit 
of differences in degree within themselves, and over- 
lap in the extension of their application, so that a 
single structure can be correctly attributed to two or 
more categories. Taking the instance of the carpel, 
it is clear that this term has been used far too loosely, 
and has been applied both to the discrete units of 
the apocarpous gynecium, to the locules of the syn- 
carpous gynecium, and to various regions of the 
ovary wall associated with the vascular strands. It 
has been homologized with the leaf by Goethe—a fair 
comparison since the two structures are similar in 
such characteristics as lateral origin and definite 
growth. Hamshaw Thomas has pointed out various 
respects in which it resembles an axis and has shown 
that there are features in common between it and 
the cupule of the Caytoniales, similarities which 
should readily be admitted. Further, Gregoire has 
shown that the carpel has many characteristics 
peculiar to itself, that is, is an organ sui generis, an 
observation of comparable value to the preceding two. 

The facts relating to floral structure do not lead to 
conflicting interpretations if they are treated with 
sufficient stringency. The essence of the notion of 
homology is a relationship of similarity. By estab- 
lishing a plexus of homologies, or relations of 
similarity, between the various parts of plants, an ade- 
quate morphology can be constructed which obviates 
the unreal problem of setting up categories. Each 
structure exhibits manifold similarities with other 
structures and with the various morphological types 
that may be recognized by generalizing from the facts. 
Moreover, organic similarity (homology) and dis- 
similarity admit of degrees, and are therefore to be 
expressed in relative terms, and there is no reason 
why any one relation or any particular group of 
relations should be conceded an a priori importance. 
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There is no evidence to show that either structural 
or ontogenetic similarity, community of evolutionary 
origin, teratological co-incidence, or structural inter- 
gradation should be conceded prime importance in 
morphological considerations, and the morphologist 
should therefore be content to establish his homologies 
without resorting to arbitrary pronouncements as to 
their relative importance. Also, since almost all 
relations of similarity admit of degrees, it is prefer- 
able to state, for example, not that a carpel is a leaf 
but that it resembles a leaf, or even has a certain 
degree of ‘leafiness’, and similarly in the case of the 
homology between carpel and stem. Better still, it 
should be said that the carpel resembles a leaf in 
certain characters, remembering that the definition 
of a leaf in terms of its salient characteristics is itself 
& matter admitting of latitude. The leaf can be 
defined in respect of such features as lateral origin, 
determinate growth, hypothetical evolutionary origin, 
or any combination of these and other characters, and 
may thus be used in various senses according to con- 
venience. This is not to assert, however, that tho 
term ‘leaf’ is one of convenience only, but merely that 
the particular relations or homologies being con- 
sidered may be selected within certain limits. 
Whether there are, in fact, any basic characters or 
relations of similarity that should be regarded as funda- 
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Development of Atomic Energy in Britain 


Mr. ATTLEE stated in the House of Commons on 
January 29 that Lord Portal is to be head of the 
organisation within the Ministry of Supply respon- 
sible for making available material for the work on 
the use of atomic energy of the Research and Develop- 
ment Establishment at Harwell, Didcot. This 
Establishment, the formation of which was announced 
on October 29, is to deal with all aspects of the use of 
atomic energy, and Mr. Attlee emphasized that it will 
require fissile material in sufficient quantity as 
speedily as possible in order that immediate advantage 
may be taken of technical developments, and the 
British programme for the use of atomic energy 
developed as circumstances require. He also an- 
nounced that Prof. J. D. Cockcroft, at present director 
of the Canadian Experimental Atomic Energy Plant, 
is to be director of the new Establishment at Harwell. 


Prof. J. D. Cockcroft, C.B.E., F.R.S. 


THE announcement of Prof. J. D. Cockcroft’s 
appointment will be received with keen satisfaction 
by all interested in the future development of nuclear 
power in Great Britain. Dr. Cockcroft was appointed 
to succeed Sir Edward Appleton as Jacksonian profes- 
sor of natural philosophy in the University of Cam- 
bridge in May 1939; but before he was able to enter 
on his new duties, war had been declared and he found 
himself urgently in demand as advisor to many 
Government departments. Throughout the years 
which followed, he has never been free to give conse- 
cutive attention to university matters—holding the 
posts first of director of the Air Defence Research and 
Experimental Establishment (later R.R.D.E.) of the 
Ministry of Supply (at Christchurch and at Malvern) 
and then of director of the Montreal laboratory of 
the National Research Council of Canada. Yet, 


in spite of this, those who spent the war years 
in Cambridge will testify to the amazing volume of 
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mental is beyond the competence of morphol. stg to 
say. Such a problem, which involves tele: \ogica) 
considerations, is at root philosophical and is nly , 
special case of the larger problem of whether I atonic 
universals are admissible in scientific spec) ation, 
At the moment, the handling of such ideas f.||s far 
short of the precision that other methods of aj) roach 
attain, and it would seem advisable, therefor |. that 
the morphologist gua morphologist should m. intaiy 
in their respect a cautious agnosticism. 
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business which Prof. Cockcroft contrived to transact 
during his hastily announced overnight visits. The 
variety of this business would have been surprising 
had it not been that his normal peace-time activities 
were themselves so varied. Most of the major 
achievements of the Cavendish Laboratory during 
the past fifteen years owe something, many owe 
much, to his intervention. Whether it has been the 
design of equipment for Kapitza, or of special-purpose 
magnets for Rutherford or Ellis, whether the planning 
of the new research laboratory (Austin Building) or 
the building of the cyclotron or the high-voltage 
installation, his advice has been universally sought 
and freely given. He will find problems of organisation 
and development of even greater magnitude awaiting 
him in his new post: upon his success in solving 
them much may well turn, not least important, 
perhaps, the vitality of the whole of the Scientific 
Civil Service of Britain. 


Zen fy 


Constitution of the New Anti-Malarial 
*Paludrine’ 


IMPERIAL CHEMICAL INDUSTRIES, LTD., are now 
disclosing the constitution of ‘Paludrine’, the new 
anti-malarial drug discovered by I.C.I. and announced 
in November. ‘Paludrine’ is N,-p-chloropheny!-N,- 
isopropylbiguanide, and is used in the form of a salt, 
such as the hydrochloride. Full details are being 
published in the Annals of Tropical Medicine and 
Parasitology. A provisional process for manufacture 
has been worked out, and it is confidently expected 
that the cost of treatment by ‘Paludrine’ will be 
appreciably below that by mepacrine, the synthetic 
anti-malarial drug used during the War. Semi-scale 
manufacture is already going forward at Blackley, 
Manchester, and will be extended at Grangemouth, 
Scotland, where, during the War, I.C.I. erected a new 
plant specially designed for the making of mepacrine. 
Details of a process for full-scale manufacture of 
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‘paludrine’ will be worked out at Grangemouth. 
Drs. F. H. 8. Curd and F. L. Rose, who, as members 
of the I.C.I. research team, first synthesized this new 
drug at Blackley, are to read a series of scientific 
rs on the chemistry of synthetic anti-mslarials 
at a meeting of the Chemical Society in Londen on 
February 7. The third member of the team, Dr. D. G. 
Davey, is just completing a tour of Australia and 
India, where he has been consulting with medical men 
who have actually been using ‘Paludrine’ to treat a 
large number of malarial patients in those regions. 





United Nations Educational, Scientific and Cul- 
tural Organisation 


ProcREss towards the formation of the United 
Nations Educational, Cultural and Scientific Organi- 
sation was reported at the third meeting of the 
Preparatory Commission held in London on January 
18, under the presidency of Miss Ellen Wilkinson, 
British Minister of Education. The deputy executive 
secretary, Mr. Walter Kotschnig (seconded from the 
U.S. State Department), gave an account of the 
preliminary work done to date, and stated that several 
committees were being set up, among them one to 
deal with physical sciences and another with social 
sciences. Close relations have been established with 
the International Institute of Intellectual Co-operation 
of Paris, with the International Institute of Education 
of Geneva and with the recently formed Committee 
on the Distribution of Information set up by the 
Preparatory Commission of the United Nations. 

At a joint meeting of the Committee of the Allied 
Ministers of Education and the Executive Committee 
of the Preparatory Commission of the United Nations 
Educational, Cultural and Scientific Organisation, 
held also on January 18, under the presidency of 
M. Boisseret, Belgian Minister of Education, a 
resolution was passed transferring all documents and 
other material gathered by the former to the latter. 
The next meeting of the Preparatory Commission of 
the United Nations Educational, Cultural and 
Scientific Organisation will be held in London on 
February 11, when committees on physical sciences, 
social sciences, arts and letters, etc., will be formally 
constituted and their programmes outlined. 


Radar Echoes from the Moon 


ACCORDING to recent announcements in the daily 
Press, scientists of the U.S. Army Signal Corps have 
succeeded in detecting, with the aid of specially 
designed radar equipment, echoes of radio waves 
reflected from the moon. The possibility of such an 
achievement was foreshadowed by Sir Edward 
Appleton in his Kelvin Lecture to the Institution of 
Electrical Engineers delivered in April 1945. A 
similar prediction was made independently by Pietro 
Lombardini in a paper entitled ‘““The Possibilities of 
Astronomical Radio Soundings with Metre Waves”’ 
(Commentationes-—Pont. Acad. Sci., 8, No. 2, 13; 
1944). In the latter paper, the author estimates that 
by using a wave-length of 1-5 m. and a large aerial 
array for both transmission and reception, it should 
be just practicable to detect a radio echo from the 
moon, although it would appear to be problematical 
whether this technique could be extended to the 
planets. In Sir Edward Appleton’s lecture (Inst. 


Elect. Eng., 92, Pt. 1, 340; Sept. 1945), the relevant 
formula was given for the energy we might expect to 
get back from the moon if a beam of radio waves was 
It was calculated that, with a 


directed on to it. 
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powerful sender, and with sending and receiving 
aerials of high gain, it should be possible to get back 
detectable radio echoes after their 24 sec. journey to 
the moon and back. The success of the experiments 
just announced from America would appear to afford 
a confirmation of the accuracy of this prediction. 
These experiments are to be distinguished from those 
made a few years ago in various countries, during 
which a radio wave component in the solar radiation 
spectrum was detected on a very sensitive receiver of 
the type used for radiolocation (see, for example : 
“Radio Waves from the Sun”’, Nature, Sept. 1, 1945, 
p. 273). 


Association of British Zoologists 


THE eleventh annual meeting of the Association of 
British Zoologists was held on January 12. In the 
absence of the president, Prof. James Ritchie, the 
vice-chairman of the Council, Prof. C. H. O’Donoghue, 
took the chair. The morning session was devoted to 
the business meeting of the Association, and there 
was a considerable discussion as to the future 
policy of the Association. The office-bearers and 
Council for the year 1946 are: President, Dr. 
Edward Hindle; Hon. Secretary, Dr. John Smart, 
British Museum (Natural History), Cromwell Road, 
London, S8S.W.7 ; Hon. Treasurer, Dr. A. G. Hamilton, 
Royal Veterinary College, Royal College Street, 
London, N.W.1; New Members of Council, Prof. 
F. W. Rogers Brambell, Prof. A. C. Hardy, Prof. 
A. D. Hobson, Prof. J. H. Orton and Dr. C. F. A. 
Pantin. 

The afternoon session was presided over by the new 
president. The general topic for the afternoon was 
the “Contributions of Zoological Research towards 
the War-effort’”. Opening the discussion, Dr. C. 
Elton gave the meeting an outline of the principles 
lying behind modern methods of rodent control, with 
particular reference to rats and rabbits. Dr. B. P. 
Uvarov and Dr. D. L. Gunn discussed the work of the 
Anti-Locust Research Centre and exhibited a cine- 
matograph film, in colour, of the spraying of locusts 
from the air in East Africa. Concluding the meeting, 
Prof. D. M. S. Watson spoke on the fundamental 
principles that had to be taken into consideration 
when making plans such as those made for the 
food supply of Great Britain during the war years. 
Institute of Physics: Industrial 
Group 


AT a meeting held in London on January 23 an 
Industrial Spectroscopic Group was formed under the 
auspices of the Institute of Physics. Mr. F. Twyman, 
of Adam Hilger, Ltd., was elected chairman of the 
Group and Mr. E. H. S. Van Someren, of Murex 
Welding Processes, Ltd., honorary secretary. The 
following were elected to serve as the first committee : 
Lieut.-Cmdr. J. Convey (Admiralty Laboratory, 
Sheffield) ; Mr. B. S. Cooper (Research Laboratory, 
General Electric Co., Ltd.) ; Prof. H. Dingle (Imperial 
College, London); Dr. A. G. Quarrell (British Non- 
Ferrous Metals Research Association) ; Mr. E. W. H. 
Selwyn (Research Department, Messrs. Kodak, Ltd.) ; 
Mr. D. M. Smith (Messrs. Johnson Matthey & Co., 
Ltd.); Dr. 8. D. Steele (Messrs. Babcock & Wilcox, 
Ltd., Glasgow) ; Mr. A. Walsh (British Non-Ferrous 
Metals Research Association). This is the fourth 
subject group to be formed by the Institute. Their 
object is to provide regular opportunities for the 
interchange of knowledge and experience between 
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specialists. Membership of this and other subject 
groups of the Institute is open to all interested, non- 
members of the Institute of Physics paying a nominal 
fee. Further particulars can be obtained from the 
Secretary, Institute of Physics, 19 Albemarle Street, 
W.1. 


University of London : Appointments 

Dr. D. V. Guass has been appointed to the Univer- 
sity readership in demography tenable at the London 
School of Economics and Political Science. He has 
worked in the Social Biology Department of the 
School, and during 1936-40 was research secretary to 
the Population Investigation Committee. In 1940 he 
received an award from the Rockefeller Foundation 
for study in the United States and in 1941 he was 
appointed chief statistician to the British Petroleum 
Mission in Washington. During 1942-44 he was 
assistant director (Overseas Statistics) in the Ministry 
of Supply, and since 1944 he has been director of the 
sample family census on behalf of the Royal Com- 
mission on Population. 

The title of reader in geography in the University 
has been conferred on Mr. W. G. East in respect of 
the post now held by him at the London School of 
Economics and Political Science. Mr. East, who 
joined the staff of the School in 1927, was appointed 
lecturer in historical geography in 1934. Since 
February 1941 he has held administrative appoint- 
ments in the Ministry of Economic Warfare and in 
the Economie Advisory Branch of the Foreign Office. 


Animal Bones from Archzological Sites in Britain 
I the course of the last forty years, animal bones 
found in numerous archeological excavations in 
Britain have ‘been sent to Dr. J. Wilfrid Jackson, 
of Manchester University Museum, for investigation 
and report. In most cases the excavators allowed 
Dr. Jackson to retain the material, and he has thus 
been able to build up an extensive and unique 
collection of dated skeletal remains of animals 
hunted or husbanded by man down the ages. The 
English part he has now presented to the British 
Museum (Natural History), where, in the Osteological 
Section of the Department of Zoology, it will serve 
as the basis of a central reference collection of dated 
mammalian bones from prehistoric and early historic 
sites in Great Britain. This collection will be in the 
charge of Dr. F. C. Fraser. It is understood that 
Dr. Jackson is presenting material from Welsh and 
Scottish sites to the respective national museums. 
The archeologist often learns much from the 
osteologist’s report even when it is based on a com- 
paratively scrappy series of animal remains from a 
single site. Thus, from a list of identifications coupled 
with a numerical assessment showing in what pro- 
portions the different types occur, he may learn the 
relative importance of hunting and husbandry at 
the particular stage of culture represented by the 
refuse. If it is revealed that a high proportion of 
the domesticated animals were killed when young, 
he has further indication of the food economy of 
the ancient society under investigation ; and so on. 
The osteologist, on the other hand, usually requires, 
if not complete skeletons, at least long series of com- 
plete bones of particular animals before he has 
material on which to base fundamental zoological 
conclusions. Such series are rarely yielded by single 
sites, but may be built up by selection of dated 
material from a large number of sites. Herein lies 
the importance of Dr. Jackson’s collection. Building 
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on the foundations laid by his co-operatio: with 
excavators, it should be possible before loig fo 


osteologists to trace the development of the breeds 
of domestic animals in Britain from Neolithi: times 
onwards. At any rate it is clear that the bi. logig 
and the archeologist have here a most fruitfi:! field 
for further collaboration. 
Earthquake Swarm in Switzerland 

AN earthquake swarm of moderate severit\ was 
experienced in Switzerland during the evenin. and 
night of January 25-26. It is stated that forty -three 
separate shocks were felt, the greatest being at about 
5.40 p.m. G.M.T. on January 25 and at 3.15 am, 
G.M.T. on January 26. The epicentre of most of the 
shocks appears to have been in Valais, thouvh the 
shaking was felt over a wide area including |}erne 
Lausanne, St. Moritz, Arosa and Adelboden jn 
Switzerland, Turin and Milan in Italy, and in France, 
In many places the tremors were accompanied by a 
roar like thunder. In Switzerland minor damaye was 
caused and there was one fatal casualty reported, 


The earthquakes unhinged the seismograpls at 
Neuchatel and Basle, and were recorded on sei 
graphs at West Bromwich. 


Announcements 


Mr. G. F. Laycock has been elected president cf 
the Institution of Mining and Metallurgy for the 
remainder of the session 1945-46, in succession to the 
late Lieut.-Colonel Edgar Pam ; Mr. Laycock is also 
president-elect for 1946-47. . 


Tue headquarters office of the Medical Research 
Council, which has been housed during the War in 
the London School of Hygiene and Tropical Medicine, 
has reopened at 38 Old Queen Street, Westminster, 
S8.W.1 (telephone, Whitehall 4884). The director of 
the Public Health Laboratory Service is included in 


the move. 


THE trustees of the Lady Tata Memorial Fund 
invite applications for grants and scholarships for 
research in diseases of the blood, with special reference 
to leukzmia, in the academic year beginning October 1, 
1946. Grants of variable amount are made for research 
expenses or to provide scientific assistants to senior 
workers. Scholarships are awarded as_ personal 
remuneration ; their normal value has been £400 per 
annum for whole-time research. Applications must 
be submitted before March 16, 1946, and the awards 
will be announced by the trustees in June. Further 
particulars and forms of application may be obtained 
by writing to the secretary of the Scientific Advisory 
Committee, c/o the Medical Research Council, 38 Old 
Queen Street, Westminster, London, S.W.1. 


Dr. E. G. Heatey, 29 Lansdowne Road, London, 
W.11, writes that he has received news of the Austrian 
zoologist Prof. Karl von Frisch, of the University of 
Munich. Work went on in the Munich Zoological 
Institute until 1943, when air-raids made it impossible. 
Prof. von Frisch went to his country home at 
Brunnwinkl, St. Gilgen, near Salzburg, and continued 
his work on bees. As the result of a direct hit on his 
house in Munich which destroyed many of his papers, 
he is greatly in need of old and new reprints of work 
on physiology of the senses, comparative psychology 
and comparative physiology. Dr. Healey will forward 
any reprints sent to him, or they could be sent direct 
to Prof. von Frisch when postal conditions improve. 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


February 2, 






































Pyblication of War-time Research carried 
out under Government Auspices 


Many scientific men and engineers who have been 
~orking for the Government in recent years are con- 
med about the publication of the results of their 
ork. During the War, the possibility of such pub- 
bation was limited by strict considerations of 
surity. Circumstances, however, are now very 
jifferent, and in many cases security gradings can 
considerably relaxed. The Committee, of which 
1am chairman, on Post-War Publication of the 
Results of War-time Scientific Research, which was 
ppointed by the Lord President of the Council, has 
heen informed by the Service and Supply Ministries 
d other Government Departments that they are 
aking, and wish to take, all possible steps to encour- 
» the publication of scientific and technical papers 
to the fullest extent compatible with the relaxed 
security considerations. 
Scientific workers who are still in Government 
vrvice will have learnt directly from their own 
organisations what steps to take. Those who have 
left may be glad to know of the changed situation. 
It is still, of course, necessary for each individual 
wishing to publish a paper based on his war-time 
work for the Government to submit it first to the 
division of the Ministry for which the work was 
done, so that approval of publication can be obtained. 
Such submissions will be welcome and will be dealt 
sith speedily. In most cases it would probably be 
helpful to the intending author, before completing 
his paper, to seek the guidance on security aspects 
of the authority concerned. 
The object of my Committee is to co-ordinate 
broad policy on publication between the various 
Government Departments within the British Com- 
monwealth and with the United States. It cannot 
iself accept individual papers for publication, nor 
an it enter into any discussion of them. 
A. V. Hitt. 

Committee on Post-War Publication of the 

Results of War-time Scientific Research, 
Dept. of Scientific and Industrial Research, 
24 Rutland Gate, London, 8.W.7. 





Photometric Record of the Mode of 
Action of Penicillin and Dagenan 
in Association 


Tae photometric record shows a mode of action 
different for sulphonamides and penicillin’. The 
latter presents a particularly complex action, bacteri- 
idal, bacteriostatic and bacteriolytic, whereas 


silphonamides only show a ‘bacteria-braking’ action, 


hat is, a slackening of bacterial growth. 

We have investigated the effect of these guwcstel 
tibacterial agents in association. Using the differ- 
mtial bid-photometer of Bonet-Maury and Walen, 
» have recorded the growth curves for Staphylococcus 
bureus (Oxford strain), on glucose peptone medium, 
vith Dagenan, with penicillin and with both drugs. 
When an adequate initial bacterial concentration 
10 millions per em.*) and adequate concentrations 
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of Dagenan (M/1,000) and penicillin (0-008 Oxford 
units/cm.*) are chosen, a scarcely marked effect of the 
separate action of either drug is observed'. On the 
other hand, their association at the same doses results 
in a clear effect which is revealed by the accompany- 
ing record. Moreover, though the sulphonamide con- 
centration is rather high, it is seen that the curve 
corresponding to the association is neither of the 
Dagenan type nor of a new intermediate form, but 
is analogous with that which would be obtained with 
penicillin alone, at a higher dose than that actually 
used. This result is particularly clear with the 
bacterial concentration used ; with lower concentra- 
tions the two types of action are not so easily dis- 
cerned, though the synergy remains evident. 

If the Dagenan concentration is varied (see graph), 
the reinforcing effect on penicillin falls off with the 
concentration of sulphonamide, but it still remains 
well marked down to a concentration of M/12,000, 
that is, a dose much lower than those which can be 
realized in the organism. When the dose of penicillin 
is increased, the reinforcing effect remains of the 
same order. 

The photometric record, therefore, shows that the 
penicillin-Dagenan association presents a mode of 
action of the penicillin type, and hence that Dagenan 
reinforces the action of penicillin. 


| 
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0-008 * penicillin ; 0-008 penicillin + M/12,000 -Dagenan and 

M/6,000 Dagenan ; — + M/3,000 Dagenan ; penicillin + 
M/1,000 Dagenan. 
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Final opacity : Contro! . ° 2-02 
Penicillin (0-008 1-600 
Penicillin + Me, 000 Dagenan 1-60 
” » M/6, ” 1-42 
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»  »» Af/1,000 ” 1-34 


Those results are confirmed by the measurements 
of the bacterial concentration at the end of the ex- 
periment. Because the recorder photometer is not 
very sensitive for high bacterial concentration, at the 
end of the records, practically equal values may be 
attributed to suspensions of various opacities. There- 
fore, at the end of every experiment, the optical 
density (in white light, with 1 cm. thickness) of every 
flask of the apparatus is measured with the absolute 
photocolorimeter of Bonet-Maury and Rogozynski, 
with the special apparatus for measuring turbidities. 
Those final opacities are given below the graph ; it 
is seen that the Dagenan-penicillin association gives 
a final bacterial concentration that is always lower 
than that of penicillin. 

Conclusion. The penicillin-Dagenan association 


produces on Staphylococcus growth in vitro an action 
higher than that of either of the constituents. Since 
the mode of action of the mixture is the same as 
that of penicillin alone, 


it appears that Dagenan 
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reinforces the action of the latter. Those results are 
in accord with clinical observations showing that the 
penicillin-sulphonamide association is synergistic*. 
P. Bonet-Mavry. 
R. PERAULT. 
Institut Alfred Fournier 
(Service de Chimiotherapie), 
et Institut du Radium, Paris. 

4~Bonet-Maury and Perault, Nature, 155, 701 (1945). 

* Rammelkamp and Keefer, J. Clin. Invest., 28, 425 (1943). Martin 
and Sureau, Paris Medical, 34, 11, 113 (1944). Oard, Johnson 
and Nimaroff, No. 26, in “Penicillin” (U.S. Offices of War In- 
formation, 1944). 


Dehydrodoisynolic Acid and its Clinical 
Use 


ArTerR Miescher and co-workers' had, in 1944, 
discovered the constitution of, and afterwards 
synthesized, the highly active cestrogen, dehydro- 
doisynolic acid, which has the formula 


CH, 
L cos 
i. a 

| 
HO— y, 


it was investigated pharmacologically by E. Tschopp*. 
It was shown that dehydrodoisynolic acid is, on oral 
application, the most effective cestrogenic substance 
yet known. 

Wenner and Joél* were the first to report on its 
clinical use. They found that initial proliferation of 
the endometrium of castrated women was produced 
with doses of 13 mgm. and 15 mgm. Single doses 
of 2-5 mgm. and total doses of up to 15 mgm. were 
tolerated without any complications. 

In the present note further results which have 
been obtained with this cestrogen are reported. Our 
experience with peroral treatment now covers a total 
of fifty-five cases. Fifteen castrates showed within 
three to six months repeated hemorrhages as a result 
of continuous treatment with dehydrodoisynolic acid, 
adapted to the cycle in the usual manner. Late pro- 
liferation was produced within fifteen days with 
doses of 24-30 mgm., a further total dose of 250-— 
300 mgm. of anhydrohydro-oxyprogesterone linguets 
produced a late secretory phase. The continued 
administration of small daily doses (0-5-2-0 mgm.) 
during the first fortnight of the cycle proved more 
effective than a single large dose of 5-5 mgm. every 
third day during the same period. 

In addition, forty women with menstrual dis- 
orders, climacteric symptoms or other indications 
suitable for cestrogenic hormone therapy were 
treated. Endometrial biopsy was carried out on all 
these women before and after treatment, to ascertain 
the functional condition of the uterine mucosa. (A 
detailed account of the dosage used and of the excre- 
tion of the hormone will be given elsewhere.) 

It can be concluded from these results that 
dehydrodoisynolic acid is especially effective by 
mouth and that it can be used in all conditions in 
which cestrogenic hormone is indicated. 

Cartes A. Jo&t. 
University Gynecological Clinic, 
Basle. 
' Helo. chim. Acta, 27, 1153 (1944). 
* Schweiz. med. Wechr., 51, 11 (1944). 
* Experimentia, 1, 29 (1945). 
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Detection of Bacteriological Tox 
in Fluids 


In investigations of the interaction of pr 
with toxins (antigens) it was discovered that 
between toxin molecules and protoplasm is 
panied by definite physico-chemical chang 
established’ that toxins of diphtheria, 
botulinus A and B, septicus typhus and 
fever in very great dilutions (10-* to 10-" m1 
litre) cause irregularities in the volume co: 
effects which accompany the swelling of livin, : 
in physiological solution. In the absence « 
the contraction curve with time, of cut mu 
striction vessel, has the form of a rectangula 
bola. If dilute toxin is added to the phys 
solution, the contraction curve of the musc! 
great aberrations. In the presence of toxin contr: 
is inhibited, and there are frequently sudden 
in the curves. Often contraction in the prese: 
toxin is exponential with time (see graph). We 
established that the causes of these abnor 
are chemical transformations ; the chemical reaction 
of toxin with protoplasm leads to desolvatation and 
destruction of the living protein. 
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It is not only living tissues which react in this way 
with toxins: tissues treated for twenty-four hours 
in & 1 per cent solution of pure formaldehyde (neutral 
and free from methyl alcohol) in physiological solu- 
tion, and then dried in a current of air at 25° C., react 
in the same way as living tissues. It appears from 
our work that tissues treated with formaldehyde con- 
serve their electrical properties. 

Our work aims at analysing the reaction of toxin on 

protoplasm kinetically. Up to date the following 
results have been obtained. 
_ (1) Toxin affects the reaction only when it is present 
in minute concentrations of the order of 10" to 
10-™"' mgm. per litre. There are well-defined upper 
and lower limits of this effect which are extended 
by a rise in temperature, with maxima at 38°-40° 
for mammalian muscle and at 30° for frog muscle. 
The Arrhenius temperature coefficient ranges from 
100,000 to infinity}; this high activation energy ex- 
cludes the possibility of an enzyme reaction being 
involved. 

(2) Muscle tissue from rabbits and guinea pigs, 
three or four months after immunization by toxins, 
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and when there are no longer antibodies in the blood, 
reacts to @ much wider range of toxin concentration. 
The activation energy, however, is smaller (Arrhenius 
coefficient 4,000—10,000)*. 

(3) The effect of toxin on volume contraction in 
dried muscle depends on the size of the muscle frag- 
ments: the smaller the fragments, the less pro- 
nounced is the reaction. 

On the basis of these investigations we have de- 
veloped a method for the detection of infectious 
toxins in human blood. The method is as follows. 
1 gm. of frog muscle, cut into pieces 1-1-5 hr. 
after killing, or alternatively 0-1 gm. of dried 
muscle (size of fragments 1-2 mm.), is put into a 
glass striction vessel with a volume of about 3 mi. 
and with a capillary about 10 cm. long and 0-1-)-2 
mm. diameter. The vessel is half filled with physio- 
logical solution saturated with air at the temperature 
of the experiment. The pH is maintained at 7-2. 
To this solution is added 0-1 ml. of toxic blood serum. 
The dried muscle is agitated with a glass rod in 
order to remove bubbles of air. The vessel is then 
filled to the top with solution and closed with a 
ground-glass stopper. It is then put into a water 
bath in which the temperature is controlled to 
0-01° C. The best temperature to use for frog muscle 
is 29°-32° C. For dried sensitized fragments of muscle, 
the best temperature is 15°-20°C. The vessel is left 
in the bath for five minutes before readings are 
taken, and about one minute is needed to prepare 
the vessel for the experiment. Therefore there is a 
total interval of about six minutes before readings 
are taken. After this period any excess of solution 
at the top of the capillary is removed, so that a 
meniscus is formed. The position of the meniscus 
is then recorded every three minutes with a horizontal 
microscope. Readings are continued for 15-20 min. 
The results obtained are compared with those from 
a control to which no blood serum has been added. 
To obtain qualitative results, antitoxin is added to 
the blood serum. If the antitoxin corresponds to the 
toxin a normal contraction curve is obtained. By 
this technique we have* detected tetanus toxin in 
the blood and cerebrospinal fluid of sick horses, 
using dried muscle from rabbits immunized to 
tetanus. By this method, too, Galperin and Sergiev, 
using frog muscle, have differentiated abdominal 
typhoid from typhus fever by neutralizing the effect 
of toxin on contraction with the appropriate serum 
from reconvalescent blood. 

B. N. Tarussor. 
Institute of Physiology, 

Academy of Sciences of the U.S.S.R.., 

Moscow. 

Oct. 9. 
' Tarussof, Bull. Exp. Biol. and Med., 3 (1943) (Russian). 
*Tarussof and Hayt, Bull. Exp. Biol. and Med., 9 (1944) (Russian). 
* Tarussof and Utefskaya, Bull. Exp. Biol. and Med., 12 (1944) (Russian). 


A New Method of Phosphorylation 


THE advances in biochemistry during the past 
twenty years have increasingly revealed the vital 
part played in mary biological processes by the phos- 
phorie acid esters of sugars and amides. The synthesis 
in vitro of a number of these compounds, and of 
similar or related substances, would be very valuable 
for the study of the mechanisms of the reactions 
involved. 

Just before the War efforts were directed 


my 
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through studies on co-enzymes, to the search for a 
general method of phosphorylation of carbohydrates 
and amines, which gould be applied to very sensitive 
glycosides. In 1942 I had to abandon work on this 
subject, having been engaged on war research for the 
Government. 

Recently, A. R. Todd and co-workers! published 
a very elegant method of phosphorylation by the 
use of dibenzyl chlorophosphonate as a phosphory- 
lating agent. The reaction takes place under mild 
conditions ; the benzyl-groups have, however, to be 
split up by hydrogenolysis with palladized charcoal 
catalyst. 

The following method avoids this necessity. 

Catecholoxychlorcphospbine, which can be easily 
prepared by the action of phosphorus oxychloride on 
pyrocatechol, reacts readily with the hydroxyl-group 
in an inert solvent in presence of pyridine : 


rm 
\P70.k 
| 


-—O Oo 
4 +HO.R —20 
jo Xa ; 


WV 


The action of water, even at low temperatures, 
rapidly splits up the protective catechol-group, free- 
ing by hydrolysis the phosphoric ester : 
\ /\ 
oO _ 9 )—0H 
POR + HOH —> 
= 


The separation and purification of the phosphoric 
esters proceeds readily owing first to the good 
solubility of pyrocatechol in water and alcohol, and 
secondly to the property of phenols of not decomposing 
carbonates, while the phosphoric esters form metal 
salts of various solubilities. Further details will be 
published later. 

This note is published by permission of the Chief 
Scientific Officer, Ministry cf Supply, to whcm my 
thanks are due. 

W. S. ReErcn. 

Department of Chemical Technology, 

Imperial! College of Science and Technology, 
London, 8.W.7. 


t Atherton, F. R., Openshaw, H. T., and Todd, A. R., J. Chem. Sor., 
382 (1945). 


Soil Acrasiez and their Bacterial 
Food Supply 


ALTHOUGH the genera Dictyostelium and Poly- 
sphondylium were created by Brefeld’s* in 1869 and 
1884, no study has been made in Britain of that 
interesting group, the Acrasiex, to which they belong. 
The occurrence of Dictyostelium in Polish and 
American soils has been recorded by Krzemieniewsky* 
and by Raper and Thom‘. Polysphondylium has been 
isolated from soil on rare occasions. 

_A detailed study*.*.”.* of the types of bacteria 
that are edible and inedible to soil Protozoa, especially 
amcebe, has led to a method well adapted to the 
culture of Dictyostelium. It consists of spreading 
over the surface of plain agar (1-5 per cent washed 
agar containing 5 gm. per litre of sodium chloride) 
a few loopfuls of a suitable bacterium growing usually 
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on nutrient agar (2-7 days old culture) in the form 
of disks or ‘bacterial circles’ in petri-dishes. Such 
cultures are inoculated in the,centre either with 
small crumbs or with a suspension of soil. The plates 
are incubated at 21°-23° C. for a week or more. 

Most of the work on the effects of different bacteria 
on the formation of fruiting bodies was carried out 
on two species of Dictyostelium, D. mucoroides, and 
&@ new species which produces long trailing stalks ; 
this was isolated from a decomposing compost heap 
in 1943 and has not yet been described. Young 
cultures of different bacteria of the same age were 
always used in order to compare the effects of 
bacteria on the formation of fruiting bodies in the 
two species. All observations were made on the 
plain agar above described. 

Out of the ninety-three strains of bacteria of very 
varied types tested on two species of Dictyostelium, 
some are completely and some partly eaten, while 
others are quite inedible. The nature of the bacterial 
food supply also greatly influences both the tendency 
to produce fruiting bodies and also their shape, size 
and occasionally their colour when produced. It is 
thus essential to study the formation of fruiting bodies 
with a range of different food bacteria before the 
appearance of these bodies can be used for classifica- 
tion. No correlation was found between the edibility 
of bacterial strains and the formation of normal 
fruiting bodies. 

The effect of the reaction of the agar substrate 
upon the formation of fruiting bodies was tested 
over a range from pH 4 to pH 9 using both the species 
of Dictyostelium with an edible species of bacterium. 
No differences in the abundance or the types of fruit- 
ing bodies were observed over this range. The con- 
trary result reported by Raper*, who used agar-con- 
taining nutrients, may have been due to the meta- 
bolie products produced by bacteria in this complex 
medium rather than its pH. 

Sixty-seven soils from Hertfordshire, Berkshire, 
Bedfordshire, Wiltshire, Kent, Cornwall, Glamorgan- 
shire, Breconshire and Aberdeen were examined by 
me and several from Surrey by Mr. E. C. Clements. 
Dictyostelium was found to be present in almost all 
the arable soils, but was not found in many of the 
grassland soils; it was also found in all the classical 
plots of Barnfield and Broadbalk at Rothamsted, 
irrespective of whether the soils were manured with 
farmyard manure or with artificial fertilizers. This 
disproves the earlier belief that Dictyostelium is a 
dung organism. No correlation between the pH of 
soil and the distribution of Dictyostelium was found 
in the soils ranging from pH 4-3—7°8. 

When the spores of the two species of Dictyostelium 
were inoculated into sterilized soil with an edible 
species of bacterium, the myxamebe reduced the 
bacterial numbers rapidly, those of D. mucoroides 
having much more marked effect. 

Some preliminary experiments have proved that 
myxameebe migrate in sterilized soil. The rate of 
migration at 33 per cent moisture content is roughly 
1 in. in twenty-four hours. No fruiting bodies were 
formed by Dictyostelium when its spores were added 
to sterilized soil at 8, 10 and 15 per cent moisture 
content. At 19 per cent some fruiting bodies were 
formed within eight days near the place of inoculation. 
Between 30 and 40 per cent fruiting bodies are formed 
within 3—4 days after inoculation and later spread 
throughout the plate in large numbers. In the forma- 
tion of fruiting bodies only at higher moisture con- 
tents Dictyostelium differs from most micro-organ- 
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isms. A minimum level of moisture may be nece sary 
for the myxamcebe to form a pseudoplasmodi: ; 
The formation of fruiting bodies in natura: gojj 
and in sterilized soil leaves no doubt that the 
myxamecebe lead an active and trophic existerce jp 
soil, since the formation of these bodies presup oses 
that of myxamcebe and pseudoplasmodia. This s!:ould 
help to convince those protozoologists who hav» not 
been impressed by the repeated, though necessarily 
indirect, evidence submitted by Cutler and Migs 
Crump and their colleagues that true Protozoa, 
especially amcebe and flagellates, similarly exist jn 
large numbers in the trophic stage in arable's: 
Details of the work summarized above w 
published later. 
B. N. Sr 
Department of Soil Microbiology, 
Rothamsted Experimental Station, 
Harpenden, Herts. 
Nov. 2. 
, nuns, ©. Abhandl. Senckenbergish. Naturf. Ges. Frankfur 
Si ). 
* Brefeld, O., 
6, 1 (188 
* Krzemieniewsky, H. 8., Acta. Soc. Bot. Polonia, 4, 141 
* Raper, K. B., and Tom, C., J. Wash. Acad. Sci., 22, 92 (i9 
* Singh, B. N., Ann. App. Biol., 28, 52 (1941). 
* Singh, B. N., Ann. App. Biol., 29, 18 (1942) 
’ Singh, B. N., Brit. J. Exp. Path. (in the preas, 1945). 
* Singh, B. N., Ann. Appl. Biol. (in the press, 1946). 
* Raper, K. B., J. Agric. Res., 58, 157 (1939). 


Untersuchungen aus dem Gesammigebiete der M 
4). 


Frictional Properties of Wool Treated 


with Mercuric Acetate 


THE rootward migration of individual wool fibres 
is generally accepted as the cause of the felting of 
wool. Such a migration is made possible by the 
existence of a difference between the coefficient of 
friction for motion in the rootward and that in the 
tipward direction along the fibre. 

According to the views of Speakman and his 
associates’ the migratory movement is accompanied 
by an extension and contraction of the fibre. To 
support this latter view Barr and Speakman? claimed 
that the rate of felting is diminished by reducing the 
extensibility of fibres using methods which do.not at 
the same time reduce the difference in friction. They 
cited the example of a mercuric acetate treatment, 
which according to their measurements does not 
affect the frictional difference but does reduce the 
extensibility. Recently, however, Bohm’, using an 
adaptation of the inclined plane method in which 
wool is rubbed on glass, reported that this treat- 
ment actually does reduce the frictional difference. 


Coefficients of friction (wool/horn) 
in soap solution*® 


Sample 


oictateC mien! <7 


‘Untreated wool 0-31 


Method 1 at 20°C. | Method 2 at 35° 


0-18 0-13 





Mercuric acetate 
treatedt 


0-29 0-15 O-14 





* Soap solution : 0-2 per cent soap, 0-1 per cent sodium carbonate, 
pH 10-7. 

+ Mercuric acetate treatment: 1 hour at 25° C. in 0-1 M mercuric 
acetate and 0:1 N acetic acid’. 
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In view of the lack of agreement between the above 

results, we have examined the frictional properties of 
wool treated in this way by two distinct methods : 
1) the stick-slip method described by Mercer‘, and 
2) the capstan method of Lipson’. The results for 
wool rubbed on a keratin surface (horn) are given 
in the accompanying table. 

Under these conditions, which are typical of wash- 
ing solutions, there is clearly no significant change 
1, produced by our particular treatment. If 
we accept ,—p, as & measure of the frictional 
ontribution to the migrational tendency of the 
fibres, it is clear that, as claimed by Barr and 
Speakman, the mercuric acetate treatment must 
produce its effect by some means other than an 
alteration in this factor. 


iM Wy 


M. Lipson. 
Central Wool Committee Testing House, 
Sydney. 
E. H. MEeRcER. 
National Standards Laboratory, 
University Grounds, 
Sydney. 
Speakman, Stott and Chang, J. Teat. Inst., 24, 273 (1933) 
Barr and Speakman, J. Sor. Dyers and Col., @0, 335 (1944) 
Bohm, Nature, 155, 547 (1945). 
Mercer, Nature, 155, 573 (1945). 
Lipson, Nature, 156, 268 (1945) 


Determination of Order Parameters 
from the X-Ray Diffraction Effect 


Since Bragg and Williams’ well-known paper' on 
order phenomena in certain alloys (8 brass, CuAu, 
AuCu,, ete.) the so-called order parameters have 
played an important part in theoretical considera- 
tions. Bragg and Williams themselves defined the 
state of order with the help of s, the long-distance 
order, which measures the preference of the lattice 
sites for occupation by the ‘right’ sort of atoms. 
Bethe? introduced o, the neighbour order, as a 
quantity more intimately related to the ordering pro- 
cess itself. He assumes that the energy of the crystal 
is to a sufficient approximation defined by the inter- 
action energy of all pairs of nearest neighbours only ; 
the energy is then a simple function of o, which 
measures the preference of neighbour lattice sites 
for an occupation consistent with order. 

The problem is to calculate both o and s as func- 
of the Boltzmann factor z= exp. —V/kT, 
where V is the mean energy difference between ‘right’ 
and ‘wrong’ pairs of neighbours. This problem has 
been solved rigidly for a one-dimensional case only ; 
for two and three dimensions many ingenious approx- 
imation methods have been put forward. 

Experimental confirmation of the relations between 
o, s and & is very scarce. It is possible to express 
the thermodynamic functions in terms of o and s 
and to compare these expressions with experimental 
values. This experimental test has not led to very 
satisfactory results. It would be preferable to find 
methods for measuring the order parameters directly. 

[t is possible to compute both o and s from the 
X-ray diffraction effect of a single crystal by a 
method closely related to Patterson analysis of 
crystals. 


tions 


Let & be the direction of the incident beam with 
reciprocal wave-length k. The intensity, scattered 


n direction s is then proportional to 


NATURE 





135 


I ~ UE Pun’ oxp. 271k (Pm — Pm’, 8 — 80)s 
m m’ 
where the double summation is over all] lattice sites, 
Fm» is the atomic form factor of the atom at the mth 


on 
lattice site, and pm the vector from the origin to 
that site. 

Now, most alloys in which order-disorder phe- 
nomena have been studied have lattices of a simple 
type, without variable parameters, which can be 
described as single three-dimensional lattices. Theo- 
retical calculations have been made only for these, 
or still simpler lattices. The geometrical surround- 
ings of all lattice points is then identical. If we 
collect all terms with the same exponential factor, 
that is, the terms containing the interference effect 


~~ i ~ 
between atom pairs at the same distance r = pm — Pm’, 
we can write*® 


I ~ X K, exp. 2rik (r, 8 — 8), 
r 


~~ 
where KA, is the average value of FF m—, over all 


lattice sites m. Introducing A = k(s — 8), the 
vector in the reciprocal space, we write J as a 


function of A: 
1/I, (A) 


—~o —> 


x Ky exp. 2ri(r,A) ‘ ‘ . (1) 


(Ie contains all proportionality factors which are 
irrelevant for our present purpose). If we neglect 
(or correct for) the slow decline of K, with growing 
- 
A, we see that we have obtained J/I, in the form 
of a three-dimensional Fourier series. Thus, if we 
measure J/I, throughout one cell of the reciprocai 
lattice, we can compute all K,’s by application of the 
Fourier theorem. 

On the other hand, it is clear that the K,’s are 


- 
related to the order parameters ; in particular, for r 
between nearest neighbours, A, must be a function 
of c since both quantities have to do with the correla- 
tion of the occupation of two adjoining lattice sites. 
Again, Kr. will be closely related to the long- 
distance order s. The special form of these relations 
depends, of course, on the lattice type and the com- 
position of the alloy. Ky, will in general converge 
fairly quickly to its limiting value Kyeq. Instead 
of (1) we write (cf. Laue, ref. 3, eq. 20.28) 


-— 


I/I, = X Kyegexp. 2xi(r,A) + 
x (Ky — Krew) exp. 2ri(7,A). 
r 


It can easily be shown that the first sum accounts 
for the sharp normal] and superstructure interference 
maxima of partly ordered mixed crystals; also the 
proportionality of the latter with s* is found‘. The 
second sum gives accumulations of intensity around 
the superstructure maxima which are the more diffuse 
the quicker A, converges to its limiting value, and 
which are the more intense the greater the co- 
efficients K,— Ky-., that is, the greater the 


difference between short- and long-range order. The 
diffuse superstructure interferences found by Dehlin- 
ger and Graf* and by Jones and Sykes® in insuffi- 
ciently annealed alloys are caused by this effect. 

A full account of these considerations and of the 
experimental determination of the Ky, will be pub- 
lished elsewhere. 
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We have recently seen papers’ on related subjects 
which have appeared in Britain during the War and 
which were as a consequence unavailable to us. These 
authors and ourselves have the above equation (1) 
as &@ common starting point. From this equation 
the Cambridge workers calculate the integral breadth 
of lines in the powder diagram, whereas we use 
(1) directly to calculate all A,’s; for this purpose 
it is necessary to work with single crystals and an 
X-ray goniometer in order to search the whole 
reciprocal space. Moreover, the establishment of 
quantitative relations between the Fourier coefficients 
K, of the intensity and the order parameters is, we 
think, new. 

Carotmna H. MacGriiavry. 
BreetpJe STRIKE. 
Laboratory for Physical Chemistry, 
University, Amsterdam. 
Oct. 15. 
' Bragg, W. L., and Williams, E. J., Proc. Roy] Soc., A, 145, 699 (1934). 
* Bethe, H. A., Proc. Roy. Soc., A, 150, 552 (1935). 
Compare Laue, M. v., ““Réntgenstrahl-Interferenzen”’ (Berlin, 1941), 
§20. 
* Bradley, A. J., and Jay, A. H., Proc. Roy. Soc., A, 136, 210 (1932). 
* Dehlinger, U., and Graf, L., Z. Phys., 64, 359 (1930). 
* Jones, F., and Sykes, C., Proc. Roy. Soc., A, 106, 376 (1938). 
* Wilson, A. J. C., Proce. Roy. Soc., A, 181, 360 (1943). Stokes, A. R.; 
and Wilson, A. J. C., Proc. Camb. Phil. Soc., 38, 313 (1942): 
40, 197 (1944). Edwards, A. 8., and Lipson, H., Proc. Roy. Soc.. 
A. 180, 268 (1942). Wilson, A. J. C., Proc. Roy. Soc., A, 180) 
277 (1942). 


New Green Band System of N, and 
Conditions of Excitation 


Gaypon’, in a recent paper on a new Green band 
system of nitrogen, has made some observations con- 


cerning the effect of excitation on the intensity 
distribution, from which he concludes that the new 
bands are a consequence of ionic rather than electron- 
collision excitation. He bases his conclusions on the 
results of Smyth and Arnott? on the vibrational 
intensity distribution in the N, band systems. It 
appears that Gaydon had not seen a more recent 
investigation of Tawde* on the intensities in the 
second positive system of nitrogen. The results of 
Smyth and Arnott are merely the visual and densito- 
meter estimates of photographic blackenings ; while 
those of Tawde are the accurate quantitative inten- 
sity values of bands derived by rigorous methods of 
photographic photometry expressed in terms of 
energy units of a calibrated standard lamp. It has 
been shown by the present author and his collabora- 
tors‘ in several papers that mere visual or densito- 
meter estimates can be wrong by several per cent. 
Hence it is doubtful how far the view put forward 
by Gaydon regarding the mechanism of the excitation 
of the new bands can be sustained. 

The results of Tawde referred to above confirm, in 
general, the existence of Franck—Condon distribution 
(ascribed to electron excitation) for all cases including 
the high-frequency electrodeless discharge. But this 
latter case of high-frequency type of excitation is not 
borne out by the observations of Smyth and Arnott, 
who favour ionic or canal ray excitation for it. There 
is, however, some resemblance in Tawde’s values to 
the point made out by Gaydon regarding the relative 
higher strength of the 4,10 band (int. = 1-88) in com- 
parison with the 0,5 band (int. = 1-43) in the high- 
frequency electrodeless discharge. This, according to 
Gaydon, is contrary to the hypothesis of ionic excita- 
tion for the new bands. Further support is lent to 
this view by Tawde’s quantitative estimates of 
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vibrational temperatures giving the relatively lowe; 
value 5,400° K. to the high-frequency discharve, ag 
compared with 6,730° K. to the induction oi! dig. 
charge, though these absolute values do not | any 
way compare with the true temperatures the 
sources. In high-frequency discharges, the exc ‘ation 
voltages are generally much smaller than in ind iction 
coil discharges. This low striking voltage in: icate 
that only electrons may be responsible for exci. ation, 
It is not likely that ions can get excitation «nergy 
within the short half-period of the cycle ai high. 
frequency. Hence the probability of factors jp. 
fluencing the excitation by positive ions in th: high. 
frequency or Tesla discharges is, as stated by Thom. 
son’, very remote. Available evidence, therefor, does 
not indicate clearly that the new band system could 
arise as a result of ionic excitation. Further work 
with known and controlled discharge conditi ins ag 
regards electrode separation, excitation Vv ltage, 
dimensions of discharge tube, pressure, frequency, 
ete., is absolutely necessary before definite conc !usions 
can be drawn about excitation processes. 
N. R. Tawone. 
Physics Laboratories, 
Royal Institute of Science, 

Bombay. 

Aug. 24. 
' Proc. Phys. Soc., 56, 85 (1944). 
* Phys. Rev., 36, 1023 (1930). 
* Proc. Phys. Soc., 46, 324 (1934). 
* Proc. Roy. Soc., A, 187, 575 (1932) ; 

(1935). 

* Phil. Mag., 18, 696 (1934). 


Proc. Ind. Acad 


TawveE has criticized a part of the discussion in 
my paper describing a new Green band system in N,, 
He appears to think that I had not seen his paper 
on the intensity distribution in the second positive 
system of N,. I had seen this paper but did not see 
any reason for quoting it; there was no discussion 
of whether the excitation in the various sources was 
due to ions or electrons, and absence of data about 
the gas pressures employed prevented full use being 
made of his results. 

The range of conditions over which the Green 
bands and the Goldstein-Kaplan bands occur is 
very limited, and there must be some reason for this 
which is not usually operative in the excitation of a 
band spectrum. I suggested that these band systems 
might be excited by the impact of ions rather than 
electrons because the large change in internuclear 
distance which occurs on excitation would not favour 
strong excitation if the Franck—Condon principle was 
obeyed, as it should be for electrons, but not for 
ions. I noted that Smyth and Arnott’s results sup- 
ported this suggestion, but that the internal evidence 
of the spectrum did not. I suggested, as an alternative 
explanation, that the limited range of conditions 
favouring these band systems might be due to there 
being a critical value for the velocity of the exciting 
electrons ; it is known that the curve of excitation 
probability versus electron velocity shows quite & 
sharp peak for some partly forbidden transitions in 
atomic spectra. Tawde’s discussion would appear, 
to me, to favour this alternative suggestion ; but, as 
he points out, further experimental work under con- 
trolled conditions will be necessary before any final 
conclusions can be reached. 

A. G. Gaypon. 

Imperial College, 

London, 8.W.7. 
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FINE STRUCTURE AND 
MECHANISM OF DIVISION OF 
THE ‘NUCLEI’ OF THE BACTERIUM 
CARYOPHANON LATUM 
By Prot. MICHAEL A. PESHKOFF 


Protistological Laboratory of the Institute of Cytology, 
Histology and Embryology of the Academy of Sciences of 
the U.S.S.R., Moscow 


HE problem of the bacterial nucleus was 

recently examined from two points of view; 
one group advocating the doctrine of the diffuse 
nuclear material’.**,4, while the other group pro- 
ducing sufficient evidence in favour of the presence 
of a discrete nucleus*.*.’,*.* in such bacteria as 
Mycobacterium tuberculosis, Caryophanon, Proteus, 
members of the colon-typhoid group, B. mycoides. 
Such intracellular structures, which contain large 
quantities of chromatin, should be investigated with 
modern methods of microscopical technique. 

These ‘nuclei’ were considered by some’ as true 
chromosomes, while Piekarski*, who obtained a clear 
Feulgen reaction in the ‘nuclei’ of the colon bacterium, 
cautiously designated them under the name of 
nucleoids in order to discriminate them from true 
nuclei. Owing to the small size of the nucleoids in 
most bacteria, it is desirable to study their structure 
and behaviour in large cells such, for example, as 
the cells of the peritrichate bacterium Caryophanon 
latum?. This organism is 3 x 30y in size ; it is poly- 
energid and contains a varying number of identical 
horseshoe-shaped nuclei giving a clear Feulgen re- 
action. Their division precedes that of the protoplast 
and occurs by means of longitudinal splitting. Since 
each nucleus of Caryophanon is 9 » long and about 
0-4u wide, its fine structure lies within the power of 
resolution of the modern light microscope and con- 
sequently may be investigated with greater precision 
than that of the smaller nuclei of other bacteria. A 
pure culture of Caryophanon grown on cow manure 
extract agar? was seeded in a 7'-shaped chamber. 
One cell was found and its subsequent development 
photographed by means of the ‘zeitroffer’ cinemato- 
graphic method. Photomicrograph A shows growth 
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proceeding and several divisions of one cell (1-20). 
The ‘nuclei’ a —i divide. Their progeny were 
marked by doubling the corresponding letter. It is 
plainly visible that the ‘nucleus’ c in 2 is already 
V-shaped and in 4—6 becomes distinctly doubled, as 
well as many other ‘nuclei’. By the end of the 
photo-registration the initial cell has divided into 
several individuals (A 20) containing numerous 
daughter ‘nuclei’. 

One can easily follow the course of division of 
each nucleus on photomicrograph B. One cell was 
photographed six times, the contrast was increased 
by means of the modified Burinski method’, printed, 
cut out and the images pasted on cardboard. The 
thick lines unite doubling ‘nuclei’ of which ‘nucleus’ 
13 displays most of the details characterizing its 
longitudinal splitting. The same method was applied 
to obtain photomicrograph C. But instead of a single 
cell one of its ‘nuclei’ was cut out upon printing and 
the series were pasted horizontally (I-XI) to show 
the minutest details of the process of division. It 
becomes clear that ‘nucleus’ I grows thicker (C III) 
and then divides, a spiral longitudinal split being 
formed DIV. The daughter ‘nuclei’ separate, grow 
in width (C X) and are ready to split again (C XI). 

In photomicrograph B, right lower cell, the nuclei 
23 indicated by the arrow display a distinct chromo- 
mere structure which becomes even more evident 
upon examination of photomicrograph D representing 
a Caryophanon cell stained after Giemsa and squashed 
in immersion oil. The arrow shows the ‘nuclei’ where 
the chromomeres appear most conspicuous. These 
details of structure and behaviour of the ‘nuclei’ of 
Caryophanon show that they are most comparable 
with true chromosomes and their reproduction is 
effected by means of a typical endomitosis™ as no 
spindle is formed. The point of view that bacterial 
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nuclei are neither nuclei nor nucleoids; but solitary 
chromosomes each comprising the entire genotype 
of the species, is supported by recent investigations 
of Robinow*, who arrived at a similar point of view 
in the case of Proteus and B. mycoides. Recent 
investigations show that no facts exist in favour of 
the doctrine of the diffuse nucleus, the origin of which 
will be discussed elsewhere. 


(1940) 


ImSenecki, A The Structure of the Bacteria” (Russian) 
On the Nuclear Apparatus of Bacteria"’, Microbiology, 14, No 
Russian) (1945) 

Belozerski, A. W Microbiol 

Dobell, C., Quart. J. Micro. Sci 

* Schazdinn, | Arch. Prot., 1, 

Kitaeff, F., Veetnik mikrobiolog 

(1922 


12, Ni (Russian) (1944 
54 (1911). 
106 (1902) 


epidemiologii (Russian), 1, No. 2 


* Epstein, G., Ravich-Birger, E., and Svinkina, A., Giornale di Batter 
iologia ¢ Immunologia, 16, No. 1 (1936) 
Peshkoff, M. A., Biol. J., 7, Nos. 5-6 (Russian) (1928). C.R. (Dok 
lady) Acad. Sci.. U.R.S.S. Nouvelle série v, 25, No. 3, 244 (1939) ; 
J. Gen. Biol.. 1, No. 4 (Russian) (1940) 
* Piekarski, G., Zbl. Bakt., I, 144 (1939). 
* Robinow, C. F., Proc. Roy. Soc.. B. 130 (1942 j 
403 (1044). 
 Badian, J., Arch. Mikrodiol., 4, 11.3 (1933) 
Geitler, I Naturwiss., 16, 241 (1940). 


Hygiene, 4%, 


“SOST DAMAGE TO ORCHARD 
CROPS 


T is difficult to assess the damage to our fruit crops 
I by spring frosts when the bloom is opening. 
Losses of fruit in 1935 and 1945 may not, however, 
have been far short of a value of £1,000,000 in Great 
Britain in each year. Such large losses occur only 
occasionally, but are nevertheless coupled with 
smaller losses in almost every year. They constitute 
a challenge to modern horticultural sciénce—a 
challenge which is reviewed in a recent bulletin of 
the Imperial Bureau of Horticulture and Plantation 
Crops (Tech. Comm., No. 15, pp. 22; 1945. Obtainable 
from the Bureau at East Malling, Kent. Ils. 6d. net). 

Frost may kill plant cells either through rupture 
of the protoplast, or by irreversible precipitation of 
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winds during ation 
frosts in loweri the 
temperature ove r- 
chards in certain topo 
graphical settings. This 
fact has stin ited 
many attempts to control 
frost damage by direct 
heating. Coke braziers 
and ‘return sta gas’ 
oil heaters ha been 
used in California. Harrington oil burners have 


been employed to a limited extent in Great britain, 
where Grainger has demonstrated considerable 
economy in fuel by using humidified heat. This 
prevented lowering of temperature inside the bud by 
reducing evaporation from it. Production of smoke 
screens and chemical mists seems a fascinating 
possibility but in practice is rather disappointing, for 
it only appears to raise the temperature of an orchard 
by about 2-7° F. when applied at ground-level. 
Another interesting method of frost control is the 
spraying of setting blossom with suitable hormone 
washes after the frost. Swarbrick has used this 
method with partial success. Resulting fruits are 
seedless, sweet but flavourless ; not all apple varieties 
respond to a particular hormone mixture, and the 
fascination of this method would appear to belong 
to the future. Sprays to prolong dormancy, and 
spraying with water during a frost, have also been 
used. Manuring plays a part in helping or hindering 
frost damage, and the varying response of varieties 
to frosting is a practical angle of the problem which 
has not yet been given sufficient attention. 

What of the future ? Most of our present knowledge 
relates to radiation frosts, but wind frosts are prob- 
ably just as widespread and damaging. They are 
probably much less amenable to control than frosts 
in relatively still air, but their challenge should be 
met. Fruit-growers now tend to avoid low-lying 
‘frost-pockets’, but much more research is necessary 
before they migrate unconditionally to the hills. 
Considerable work has been done on the phenology 
of flowering ; 
the plant breeder to produce frost-resistant varieties 
which avoid too early flower-emergence. A subtle 
variant of the beating of swords into ploughshares 
would be an attempt to use chemical smoke screens, 
developed to protect advancing armies, for the 
prevention of radiation from orchards. It may be that 
the control of frost damage lies along less spectacular 
lines, but the effect of such screens should be investig- 
ated before the materials and experts are dispersed. 


it would now seem to be the turn of 
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COLLABORATION BETWEEN 
UNIVERSITY STAFFS AND 
STUDENTS 


N October 13, a Conference was held in Bedford 
O College to discuss matters of mutual interest 
to students and staffs of universities. The Con- 
ference arose out of the report of the Association 
of University Teachers on university developments 
and the report of the National Union of Students 
on the future of university and higher education, 
and under the chairmanship of Sir Ernest 
Simon, chairman of Council of the University of 
Manchester. 

The Conference opened with a paper by Prof. S. 
Brodetsky (University of Leeds) on ““The Financial 
Aspects of University Education”. Prof. Brodetsky 
stressed the fact that the financial problem of the 
universities was no longer one for private action and 
private benefaction, but had become one facing the 
tax-payers of the country. It was particularly in 
connexion with capital expenditure that funds.would 
have to be found from national resources. Thig 
became more apparent when it was realized that the 
recent increase in the Treasury Grant for current 
expenditure from £2,150,000 to £4,150,000 had been 
mainly absorbed in increasing the salaries of univer- 
sity staffs. The financial problem arising from 
possible and desirable expansion of universities was 
yet to be faced, and Prof. Brodetsky estimated that 
the national grant to universities should ultimately 
rach a figure of approximately £15,000,000 per 
annum. In this connéxion, Prof. Brodetsky indicated 
that, in his view, there must be an increase in the 
numbers of students in universities, a rise in the 
standard of work, and a broadening of the fields in 
which university studies might properly be carried 
out. This would not, of course, mean a vast increase 
in the numbers of first-class honours people. In con- 
sidering the expansion of university departments, 
Prof. Brodetsky indicated that caution would be 
needed to avoid all universities starting new develop- 
ments in @ haphazard way. Clearly this would need 
control, but “it would be contrary to the whole spirit 
of the freedom of British University life if teach 
University were forced to adopt a policy laid down 
by a Committee under Government influence”’. Con- 
sultation between universities should accordingly be 
strengthened and some sort of advisory council 
should be established. 

Prof. Brodetsky directed attention to the need for 
maintenance grants for all students to enable them 
to profit fully from their years at a university. The 
holding of a scholarship should be associated far more 
with the honour of academic achievement, rather 
than with financial reward. There had been signs 
that the term ‘scholarship’ had become cheapened. 
Finally, Prof. Brodetsky came to the question of 
residence of students.. He urged an extension of 
residential facilities, and pointed out that both 
capital and current expenditure would be increased 
thereby. 

The student’s point of view was given by Mr. D. W. 
Seager (vice-president, National Union of Students), 


was 


who drew the now familiar contrast between the 
willingness of the nation to spend money in war-time 
and its tendency to financial prudence in peace, 
particularly with regard to education, and called for 


an immediate increase of at least 50 per cent in the 
numbers of students, and a doubling of numbers as 
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an early objective. Some 64 per cent of university 
students had come from, the elementary sehools, and 
in future ability, and ability alone, must be the 
governing factor to enable a boy or girl to go to the 
university. In some cases parents had been unwilling 
to allow their children to go on to the university 
because of the financial strain arising from the neces- 
sity for providing adequate money for personal 
expenditure. Parents had, moreover, tended to 
regard their student sons and daughters as ‘‘invest- 
ments of flesh and blood paying dividends in later 
years”. Mr. Seager contended that all grants to 
students should cover full fees and tuition, plus £156 
per year living allowance, with an addition for 
London students. He further directed attention to 
the inequality of grants at present available from 
local education authorities. 

The next session was devoted to methods of 
teaching, relations between staff and students, and 
facilities of the students’ unions, and a paper was read 
by Mr. A. T. James (president, National Union of 
Students). Mr. James considered that there was a 
lack of co-ordination between university departments 
which was reflected in the teaching, which in different 
courses was not related, and gave the impression of 
a lack of connexion between one subject and another. 
Lecturing staff should work together as a team, with 
the object of presenting to their students a coherent 
picture of the whole subject. He urged more co- 
operation between staff and students at the depart- 
mental and faculty level. University staffs had 
resisted this on the grounds that they ‘‘were not 
going to be taught how to run their Departments by 
young people’’. He considered that the most severely 
strained relations usually existed between the officials 
of the students’ unions and vice-chancellors and 
principals. University authorities had failed to 
realize that the outlook of the students’ unions had 
materially changed during war-time, and that they 
now acted in a manner far more analogous to that of 
a trade union, considering the business of running a 
university to be at least as important as the running 
of social events and athletic activities. He confessed 
that this had provoked difficulties and would evoke 
still more in the future. While admitting that 
students in general are far more inexperienced in 
academic matters than are the staff, he was of the 
opinion that much more confidence might be placed 
in the students’ ability to contribute valuable help 
to the running of a university, both as regards 
discipline and academic matters. The facilities of 
students’ unions should be extended to cover all 
aspects of university life, and in particular the main- 
tenance of the health of students. 

Finally, Prof. R. Pascal (University of Birming- 
ham) dealt with ‘“‘Urgent Tasks facing the Univer- 
sities of Great Britain’. He pleaded eloquently for 
the need for education in the wider sense and for a 
reconsideration of the syllabus of every specialism 
both in arts and science. Education in the arts 
faculties had been too subjective and in the science 
too narrow, and the group of social studies, in most 
cases more recently developed, should be excluded 
from the arts faculties. 

Prof. Pascal provided a more detailed analysis than 
previous speakers of the reasons for an increase in the 
numbers of students, and for the need: for a larger 
number of informed and active citizens. “In our 
larger civil services, in the youth services and social 
welfare, in education of adults and children, a far 
larger number of educated and trained people are 
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needed.’ He considered that the great potential 
reserve of youngsters who might profit by a university 
education was to be found among the poorer income 
groups, and that it was essential that boys and girls 
of average ability from these lower income groups 
should be encouraged to go to the universities. 
They must accordingly be given maintenance grants. 
This increase in numbers would clearly take place 
by way of an increase in size of the ‘provincial’ 
universities rather than at Oxford, Cambridge, or 
London. He pleaded for an extension of really sound 
general courses leading to general degrees which 
would be suitable for the influx of students of average 
ability, and for a reconsideration of the method of 
admitting students, with a consequent revision of the 
functions of university appointments boards. 
Finally, the Conference resolved as follows : 


“In order to enable the Universities in this country to 
consult effectively over problems of general interest to all 
Universities, it is desirable that an Academic Universities 
Council be set up by the Universities, representative of 
and including members elected by the academic staffs of 
the different Institutions. The Council should have only 
advisory functions. The Conference urges that the matter 
be taken in hand as soon as possible in such a way as to 
include all the Universities in the country” 


FORTHCOMING EVENTS 


Monday, February 4 

ROYAL Socrery or Axts (at John Adam Street, Adelphi, London, 
W.C.2), at 1.45 p.m.—Dr. 8. G. Hooker: “High Speed Flight” 
(Cantor Lectures, 3). 

FARMERS’ CLUB (at the Royal Empire Society, Craven Street, Strand, 
London, W.C.2), at 2.30 p.m.—Mr. Robert Templeton: “Dehydra- 
tion” 

SocreTy oF CHEMICAL INDUSTRY (joint meeting of the Foop Group 
and the LoNDON SECTION, at the Chemical Society, Burlington House, 
Piccadilly, London, W.1), at 6.15 p.m.—“The Treatment of Water 
for Food Manufacturing Purposes”’. (1) Mr. G. Carter : Tew we 
of Water for Food Purposes” ; (2) Mr. F. memes and Dr. E. 
Spooner: “Removal of Taints from Water”; (3) } L. bdeess 
and Dr. E. I. Akeroyd: “The Role of Ionic inanhonep in the Treat- 
ment of Water’. 

ROYAL GwoGRAPHICAL SocreTy (at Kensington Gore, London, 
8.W.7), at 8 p.m.—Air C hief-Marshal Sir Philip Joubert and Lieut.- 
Comdr. A. R. Glen: “High Latitude Flying by Coastal Command 
in Support of Russian Convoys”’. 


Tuesday, February 5 

CONFERENCE ON “METALLIC CREEP” arranged by the National 
Physical Laboratory, Teddington, from which permission to attend 
must be obtained (au the Royal Society, Burlington House, Piccadilly, 
London, W.1). At 11.10 a.m.—Prof. E. N. da C. Andrade, F.R.S. : 
“Introduction and History”; at 12 noon—Mr. H. J. Tapsell: “Ex- 
perimenta] Studies of Creep”; at 2.30 p.m.—Dr. E. Orowan: 
“Physical Theory”; at 3.30 p.m.—Dr. N. Allen: “Metallurgical 
Control of Creep”; at 4.30 p.m.—<General Discussion (introduced by 
Sir Lawrence Bragg, F.R.5.). 

MANCHESTER LITERARY AND PHILOSOPHICAL SocreTy (in the 
Reynolds Hall, College of Sg 4 Manchester), at 5.30 p.m.— 
Prof. P. M. 5. Blackett, F.R.S.: Joule Memorial Lecture. 


Wednesday, February 6 

ROYAL Socrety OF MEDICINE (at 1 Wimpole Street, London, W.1), 
at 2.30 p.m.—Dr. E. Ashworth Underwood : “The Influence of Joseph 
Priestley on the Medical Thought of the 18th Century” 

INSTITUTION OF ELECTRICAL ENGINEERS, RADIO SECTION (at Savoy 
Place, Victoria Embankment, London, W.C.2), at 5.30 p.m.—Dr. 
G. L. Grisdale and Mr. R. B. ‘Armstrong : “Tendencies in the Design 
of the Communication Type of Receiver”. 

INSTITUTE OF FUEL (at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, London, 8.W.1), at 6 p.m.—Mr. 
E. C. Evans: “The Utilisation of Waste Heat in Metallurgical Furn- 
aces” (Industrial “Waste Heat’ Recovery Series, 7). 

SocreTy oF PUBLIC ANALYSTS AND OTHER ANALYTICAL CHEMISTS 
(at the Chemical Society, Burlington House, Piccadilly, London, W.1), 
at 6 p.m.—Scientific Papers. 


Thursday, February 7 
CHEMICAL Soctgety (at Burlington House, panty. London, W.1), 
“ 5 p.m.—Scientific Papers, including a series by Dr. F. H. 8. Curd 
nd br. FP. L. Rose on “Synthetic Antimalarials”. 
- +t Soctety oF Lonpon (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Scientific Papers. 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place. Vic 
Embankment, London, W.C.2), at 5.30 p.m.—Mr. W. | Fennell 
“Fundamental Legislation covering the Supply of Electri-ity 
Consumers”. y 
Society or CHEMICAL INDUSTRY, NOTTINGHAM Suction in w 
Corporation Gas Theatre, Nottingham), at 7 p.m.—Dr. J. G. Kip 
“The > nae of Chemistry in industry” (Jubilee n 


February 2, 


Friday, February 8 

ROYAL ASTRONOMICAL SOCIETY ad Burlington House, Pic-adilly 
London, W.1), at 4.30 p.m.— | Telescopes” (Presiieni 
Adi dress). Annual General inthe 

PHYSICAL SoctrETy (in the Lecture Theatre of the a omaes se 
Exhibition Road, London, 8.W.7), at 5 p.m.—Prof. J. D. Cocke 
F.R.S. : “Rutherford—Life and’ Work after the Year 1 
Personal Reminiscences of the Cambridge Period” (Second 
ford Memoria! Lecture). 

CHEMICAL Socrety (joint . meng with the UNIVERSITY ( img 
SoctrEty, in the ¢ ey has heatre, The University, S field) 
at 5.30 2 J. Bowen, F.R.S.: “Light Absorption from ¢ 
Chemica Sandesiot”. 

Norts-East Coast [INSTITUTION OF ENGINEERS AND SHIP 
(in the Lecture Theatre, Literary and Philosophica! 
Newcastle-upon-Tyne), at 6 p.m.—Dr. 8. G. Hooker: “Som 
of Gas Turbine Development for Aircraft Propulsion’’. 

BRITISH ASSOCIATION OF CHEMISTS, ST. HELENS Section 
Y.M.C. A. Buildings, St. Helens), at 7.30 p.m.—Dr. J. 

“Chemistry and Cancer’”’. 

ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the Caw: RIDGE 
UNIVERSITY CHEMICAL SOCIETY and the East ANGLIA Sxc1 
the main Lecture Room, University Chemical Laboratory, Pe I 
Street, Cambridge), at 8.30 p.m.— A. Findlay: “The 0 
tion of Chemists”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments 
before the dates mentioned : 

County ANaLystT (which includes the offices of the Gas Examiner 
and Official Agricultural Analyst)}—The Clerk, Worcestershire County 
Council, Shirehall, Worcester (February 8). 

SENIO“n ORGANIC CHEMIST for the Research Department of a lame 
firm operating in N.W. England—The Ministry of Labour and National 


with 
Luther. 


RRS 
<speets 


t the 
Abrams; 


on or 

Service, a Department, Technical and Scientific Kegister, 
(February 12). 

ASSISTANT GREASE RESEARCH CHEMIST in the Bradford Sewage 

ASSISTANT SANITARY ENGINEERS (temporary}—The Ministry of 
Labour and National Service, Appointments Department, Technical 
W.C.2, quoting E.1716.A (February 23). 

PRINCIPAL OF THE WEST HAM MUNICIPAL COLLEGE—The Education 
(February 23). 

PRINCIPAL—The Secretary to the Governors, Studley College, 

CoUNTY ANALYST—The Clerk, Middlesex County Council, Guild- 
hall, Westminster, London, S.W.1 (March 16). 

Heriot-Watt 

Edinburgh (April 22). 

LECTURERS (2) IN BACTERIOLOGY : (1) with special experience and 
BACTERIOLOGY—The §S ry, The University, Aberdeen (May 24). 

Biocuemist (full-time, man or woman) for work in the Pearson 
Metropolitan Hospital, Kingsland Road, London, E.S. 

TECHNICAL ASSISTANT to the ADVISORY BACTERIOLOGIST in con- 
Province—The Advisory Dairy Bacteriologist, National Institute for 
Research in Dairying, Shinfield, Reading. 
forest products, stationed at Princes Risborough—The Director, 
Imperial Forestry Bureau, New Bodleian Building, Oxford. 
training in microanalytical work—Prof. G. F. rrian, Department 
of Biochemistry, The University. Edinburg 
knowledge of the corrosion of metals, and a METALLURGIST with 
industria! or research experience—The Secretary, —, Non-Ferrous 


Room 670, York House, Kingsway, London, W.C.2, quoting F.5001.XA 
Department—The Town Clerk, Town Hall, Bradford (February 18), 
and Scientific Register, Room 572, York House, Kingsway, London, 
Officer, Education Offices, 95 The Grove, Stratford, London, E.15 
Studley, Yorks. (March 1). 

PROFESSOR OF CHEMISTRY—The Principal, College, 
knowledge in VIRUS DISEASES, (2) with a general knowledge of 
Cancer Research Laboratory—-The House Governor and Secretary, 
nexion with the Nationa! Milk Testing and Advisory Scheme, Southern 

ASSISTANT for abstracting, reviewing and indexing literature on 

Cuemist (with Ist or 2nd class honours d or A.R.LC.) for 

ELECTRO-CHEMIST or a PHYSICAL Cuno? preferably with some 
Metals Research Association, Euston Street, London, N.W.1. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 
Catalogues 


Industrial and Scientific Instruments. 


(General Bulletin B.15.) 
64. (London: Negretti and Zambra, n.d.) 

The Book of Optical Glass Cells for Tohoontery and Scientific Work. 
Pp. 28. (Salisbury: The Tintometer, Ltd., 1945.) 

Johnson Indicator Papers. Pp. 12. ‘(london : 
1945.) 
Foreign Scientific and Technical Books reproduced by License of 
the U.S. Office of Alien Property Custodian. (Catalog No. 5.) Pp. 64. 
(Ann. Arbor, Mich.: J. W. Edwards, 1945.) 

Books of Note. (Catalogue No. 677.) Pp. 98. (London : 
Edwards, id, 1946.) 


Johnson and Sons, 


Francis 





